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Program Code No. P6G20-25
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REPORTS SUBMIT'ED

The following reports were prepared in partial fulfillment of contract
DA49-O92-ARO-130 requirements during the course of the Geographic Distribu-
tion of Infectious Disease Project

(1) 28 Jan 1966, Contractor Quarterly (Ist) Progress Report (15 Nov. 6i -

I Feb. 66), 3 pp.

(2) 196 6, Contractor (Ist) Semi-Annual Progress Report (15 Nov. 65 -

1 May 66), 6 pp.

(3) 8 Aug. 1966, Contractor Quarterly (3rd) Progress Report (1 May 66 -
I Aug. 66), 5 pp.

(4) 15 Dec. 1966, Contractor (ist) Annual Progress Report (15 Nov. 65 -
14 Nov. 66), 102 pp.

(5) 3 Mar 1967, Contractor Quarterly (5th) Progress Report (15 Nov. 66 -
15 Feb. 67), 6 pp.

(6) 15 May 1967, Contractor (2nd) Eeri-Annual Progress Report (15 Ncv. 66 -

15 May u7, 76 pp.

(7) 31 Aug. 1968, Contractor FINAL REPOE (15 Nov. 65 - 3i Aug. 1968),
pp. 430.

In addition co the seven reports iisted above (for external use) there
were six other reports prepared for internal use: Four of these were pre-
pared by Planning Research Corporation in fulfillment of subcontractor re-
quirements. and two were prepared by members of our own staff: Capt Rnger
J. Cuffey (AFIP) and Mr. G. G. Gulleft (1 v. 11).).

The final eort, i.e., this volume, incorporates all significant
(current) information that has been presented in all previous reports --

internal as well as external ones. (Ihe iritilal report do'iing with pub-
lished maps that relate to ecology of disease, by Mr. C. G Gullett, is re-
produced in its entirety.)
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Backj-,und Infor-mation

OBJECTIVES

Present objectives of the MOD system, in the context of nearly three

years experience with this program are presented in the Introduction (1.2).

But there would be advantage in presenting our objectives at the time the

MOD proje -  ' an. These objective- . Fr-, i, i - . r .

contained in our original application, dated 15 June 1965 They are re-

produced here verbatum.

A. OBJECTIVE OF THE PROGRAM The ultimate objective of the program is to

develop research methodology by means of which the occurrence ot a particular

disease may be correlated with a variety of sociological, physical and en-

vironmental factors such as population density, races, ethnic groups, alti-

tude, temperature, humidity, character of the soil, agricultural products,

possible insect vectors and animal reservoirs of disease.

The imediate objective of the program is to provide data in the form of

disease distribution maps and atlases, showing prevalence, incidence, and

severity of specific infectious diseases throughout the world.

0- 3



MAPPING OF DISEASE

B. TECHNICAL NEED FOR THIS PROGRAM Data on the geographic distribution

of infectious disease are of obvious importance in evaluating the disease

risk for groups of persons assigned to foreign posts and In any detailed

planning that involves the socio-economic problems of a particular area.

There have been only two major contributions in this field. They are: (a)

Geographic Atlas of Disease, prepared by the American Geographical Society,

published during 19-0-55. (b) World-Atlas of Epidemic Diseases, edited by

Professor Ernst Rodenwaldt (Heidelbrg), published in 1952 but refiectingK

data gathered some years before. However, data on some developing countries

of current interest are either sparsc or completely lacking. The methodology

devel ped by this program would provide a means for linking contributing and

precipitating facters with a given disease thereby providing clues to the

etiology of the disease and sugcesting specific basic research for methods of

con t rol.

C. RELEVANCE TO ARPA MtISSION Infectious diseases are the greatest cause

of morbidity and mortality among troops and civilians in time of war. In-

fectious diseases also exert a major influence on the socio-economic status

of all countries, especially developing countries. The proposed study would

provide valuable information on the distribution, prevalence, and incidence

of infectious disease throughout the world, and would provide a method for

carrying out rapid and effective searches for important interrelatlons! )s

among a large varf," of potential causal factors of ai. given disease.

The developmenL of methods of control of infecti us diseases is in accordance

with ARPA/AGILE's mi.-sion of conducting research, development, and tests of

techniques and equipment required by local forces in remote area confict

situaions.

0 - 4
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PROJECT PLANS

To avoid redundancy, we direct the reader to the Preface, Section 1,

Introduction (particularly the Definition of Goals, 1.21), Section 2,

Technical Summary, and Section 9, General Sunmary, Conclusions and Recom-

mendations, where project plans are considered in some detail.

In this statement, contributing background information avout thL

project, we shall conctntrate on relationships among biomedical -,rofeasional

members (principally AFIF staff) and computer scientist members (princi-

pally Planning Research Curporation Staff) of the MOD group.

At the outset it was realized that (as a generalization) those who

understood disease ecology were not competent to direct a computer pro-

cessing attack on the problem and that, conversely, those who were compe-

te, t in the a-ea of computer s-ience/technology did not understand disease

ecology. We concluded that, since computers were the means toward increased

understanding (not the end), biomedic-al. scientists should lead in de lop-

ment of the MOD system, seekfng cc-iputer orientel specialists t sopport

the very impot ant computer processing aspects of the program.

Upor:. careful deliberation, and after it became clearly evidenL that

our chances of finding a top notch systems analyst for short term hire er

the open market were small indeed, we decided to employ the services of a

commerc~al group to help us with this highly critical aspect of our program

Syste- Anal.sis. We met with representatives and considered informal

proposals from four org.,nizations:

Auerbach Corporat.-n
Bunker-Ramo Corporation
Planning Res earch Corporation
Svstems Research Group, Inc.

and received formal proposals from two of these*. In the course of our
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deliberations we conferred with the AFIP Automatic-, Data Processing Section,

the National Bureau of Standards, and the University of Illinois, gettirg

advice and counsel in regard to the system which would be required for our

:omute-baedautomatic mapping program.

On 5 July 1966, Subcont -act UAREP 66.1, awarded to Planr~ini& Research

Corp. (PRC), became active. A critical factor in selecting this company

was their agreement to assign two highly motivated and extraordinarily well

qualified persons, full time, to our project. (T'-eir very efficient work

and the full cooperation of their associates at PRC more than justified

our decision.)

The initial study uncovered many complex problems which were more

serious than could have been anticipated before this study, and a second

subcontract was let to IRC in August 1966 in order to complete analyses of

these problems. Joint effort and close cooperation among the biomedical

professionals of AFIP, and UAREP, and thle data-processing professionals from

PRC (and also one employed by UAEFA) resulted in increased underscanding of

and !tentative solutions to most of the problems whichl had been, ralsed earlier.

Based upon thlt conclusion from thle System iiialys is effo.-rt, namellv,

that a cimputerized diseaise-mapping svstem was tLechnically feasible from

thle data-pr 'cessitng standpoint, the MOD pro lc ~l ne h evcso

?Rc (by meanls :,fi1 th ird subcontract) anid, b)eginning, in. I'brularV 19th67, P'R

an d FIP/L7AUtY scientists to-g-eher conducte-L1 the system 'esign effort tor

the proposi MOD syst-2m.

1In;'lezicltat ion of: that svsten, baseikd ul'ou the des iigl Wasplst'

tO 1 1Vc! bt!:Uli 1I.' June 1967i and wa stifa CtO reiu ire ipproximatelyaote

year .Fol lowin1g cmleiOn o iMp 1emte-at ion' -1 phase at sv;stl erz develop-

mentail testiil,. ilal Operar ion, &1d SI[able mo}if icat ion Of tIne M,,! Svsten

wo Id c vOccupiei Cti r-aindier of Lt pCro ]e~t -S sbd. timme. IVs teAd ,

preMature tcmntinof ARPA's support r eq~uited tzhe M01) pe r onnc i -- 11oth,

those from FIPUAREF and thu0Si from FRC to iolte theiir rc-maininw reso)urces

to complcting system desi,;n anid proucnguS finial r'-pOrt.



Background Information

INSTITUTE FOR DEFENSE ANALYSES

Science und Tnchinology Division I DA 400 Arm y-Novy Drive, Arlington. Virginio 22202 Telephone (703) 558-1000

Advisory Committee

This letter, photo-copied in
/ its original form, explains

the composition, functions
and conclusions of the 7 September 1967
Advisory Committee.

MEMORANDUM TO: Dr. Howard Hopps
Chief, Division of Geographic Pathology
Armed Forces Institute of Pathology
Washington, D. C. 20305

SUBJECT: Mapping of Disease Advisory Committee - Summary Report

I. Introduction

Following the recommendation of Dr. Herbert Pollack of the Institute
for Defense Analyses and the concurrence of appropriate officials at
Advanced Projects Research Agency and Armed Forces Institute of Pathology
an advisory committee was formed for the Mapping of Disease (MOD) Program
being conducted by the Geographic Pathology Division, AFIP. The member-
ship of this committee is listed below:

Mr. Fred I. Edwards, ARPA
Mr. Ronald Finkler, IDA
Dr. Allan L. Forbes, ARO
Mr. Joseph E. Hinds, Consultant
Dr. Howard Hopps, AFIP
Dr. Myles Maxfield, Consultant
Dr. Donald R. Sheldon, IDAI

The terms of reference for this cbmmittee were to clarify over-all
governmental requirements relating to geographic aspects of disease and
to assist the project director in assuring optimal responsiveness toward
reaching these goals during the anticipatedremaining 1.5 years of the
original program plan.

Meetings of the Advisory Committee lere held on 24 May and 13 June
1967 at the Institute for Defense Analysts. In addition, Mr. Finkler
and Dr. Sheldon held separate meetings with Dr. Hopps and his staff on
behalf of the committee. Their findings and recommendations have been
incorporated ir the body of this report.

At the outset it was envisioned that the Advisory Committee would
play a continuing role in the development of the MOD program. However,
as unexpected and irrevocable budgetary restraints have resulted in
termination of funding for the program at the e'd of current obligations
(November 1967), there seemed little need for continuing activities and
this report is intended as final.
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A. General Requirements:

1.0 The requirement tor a greater understasiding of the global and
geographic aspects of disease extend,- T'hroughout the offi:ci-al ccmIunitv
and includes not only public health and military interests tut also
those associated with international develoornent and foreisri- relations.

2.0 The scope of these interest's range fromrr basic considerations
such as the etiology of infectious !diseases to eso tv or evlaI
measurements of -nast or future events. Ev.,en Such relativelv gross
measures as calculation of c-urrent incidence of infectious disease on
a worldwide basis fr .. -rude- data c-ould benef-it f-rom apprurriate
application of computer technclogy.

3.0 - complete repneto the total dimesi:ons of the problem
as defined above is lclean.', becnc --he -'7ahrillty of monetary and
personnel assets allocatej to, thb MCP Prnc-am even if suppurt had s)een
continued at the prolectedC1 vate wer,r on- aplicat ion Of COMID7o ter
technology which woul be ' si, c -all] aspect-, -,f the problem woul'"Jr
a br-cad based data storaqe and ra"c'lsystem.,. -Th this reg'ard. _he
experience _-nd expertise '!e,.eloped -)v _-eMCE staff part ic ular y 'n
Data Extract-ion Forqmat. Catoa-e~ozirux anod Data Etfcucturc V"ocabulary
would be a valuable input.

B - MOD Prograin Review-

1.0 In keepicig with the init-i:.A. nding proposal objec-tiva, the
MOT) Proqram concentrated on the design and assemll-y of a system 1nor
computerized m-,,apping of disease informnation. The program planls and
study methods appear reasonable and satisfactory fcr this purpose.

2.0 While the objective of providing an operational disease
napping system will nu t be met by the conclusion of the present
cnnt .,act (Nov. 67), much valuable information concerning how such a
system might be developed has been derived.

3.0 The maximal lasting benefit obta. nable from the MOD Program
during the oemaining period of support will1 be the preparation of a
final report of their system analysis and design including a detailed
evaluation i.- the problems associated with establishing the requisite
data base fur operati-n of such a sy,,tem.

IIT FRecoinmerdat ion

The tinal report of the MOD Study should L,,. directed toward pro-
vi. ng a basic document which would serv.,e primarily for the indoctrin-
a~ion and guidance of arny future programs that might be directed toward
the application of ecomputer technology to epiderniolcaical and geographic
aspects of disease.

2
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Background Informtion

To meet this objective the following outline lists those aspects
of the MOD Study which should be covered in the final report:

1. An introductory statement and discussion of objectives.

2. A summary of activities, project plans, and point at which
project had to be terminated.

3. A summary of accomplishments, summary of contracts with
outside organizations, and a list of'all appropriate
documentation and reference material.

4. The cesults and discussion of the experiments in contour
mapping including the systems used, their limita4 ions,
examples of the outputs, and appropriate ways disease
information may be presented on maps.

5. The complete system design specification including descrip-
tions of all files and file structures, program flow charts
and hardware configurations.

6. A complete description of:

a) the data base(s) employed,
b) the Data Extraction forms and instructions on their use,
c) the Factors Catalog,
d) the Data Structuring Vocabulary,
e) the query Language and other data,
f) a glossary of appropriate terminology.

The assembly of the data and experiences of the MOD Project in a
manner similar to that described would constitute a worthwhile contribu-
tion and should be accepted by the sponsoring agency as satisfactory
fulff]lment of contractual obliga' ions.

r the Committee,

onald R. She don

iConcurrence in Draft, 15 August 1967

0 9
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POINT AT WHICH THE PROJECT WAS TERMINATED

At the outset, the MOD project was visualized as a three-year affort,

and it was planned that the first two years would be primarily concerned

with system analysis and system design. Implemv tation was planned for

the third and final year. When it was learned that ARPA's support of the

project was to terminate at the end of two years, all efforts were directed

toward finishing data analysis and data structuring (method design), and

completing the various aspects of the system design phase. (In the

interests of efficiency, we had begun to implement some portions of the

system so that we could more effectively design other portions.) It was

our feeling, and one supported by the Advisory Committee, that a completed

system design would represent an important milestone and would contribute

infcrmation of value to other groups interested in comparable problems or,

perhaps, in taking up where we left off in developing a system For the

computerized mapping of disease-environmental data.

The systew analysis and design have both been completed. (There are

several aspects of the system design that will need fuirher elaboration,

but this cannot be performed outside the context of a partially implemented

system.) In addition, we have made an extensive analysis of data character-

istics: sources, limitation of the dart, ;gz se, .ind prollems involved in

preparing these data for computer input. A method for structuring data has

been designed and tested, and a comprehensive factor catalogue has been

produced. We have gained new insight into the characteristics of disease-

environmental data that allow them to be mapped, and have developed data

extraction forms reflecting these requirements.

0 - 10
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In essence then, the MOD project was terminate(' just short of the

implementation phase. The figure below shows the -.xt'.-at to which the five

major component tasks were completed.

'Systorm Analysis and.10osign

Programming and Implemeontation

Data Source Acquisition

Data Extraction

Data Entry (Card punching)

KEY: I..MOwP110hed

0 -I1



MAPPING OF WISEASE

FISCA- DATA

Support for the biomedical portion of the MOD effort has been

provided, in large measure, by the Armed Forces Institute of Pathology

since most of the biomedi,-al personnel were on the AFIP staff. Over and

above the contribution made by the AFIP, the total cumulative (estimated)

cost borne by Contract #DA 49-092-ARO--130, was $167,077.25. A major

portion of these (ARPA) contract funds was used to provide computer-

science/technology support, principally by subcontract with the Planning

Research Corporation. The role of PRC has been discussed under Project

plans, and will not be consLered further here.

A detailed financial statement has been prepared and submitte2 to

the appropriate persons of ARO and ARPA.
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For ward

The work described here is the product of a remarkable interdiscipli-

nary effort, involving medicine (human and veterinary), geography, geology,

cartography and computer science technology. I am pleased to have played

a part in this important study, even though my role was a very small one.

Dr. Hopps and his aseociates are to be congratulated on their ac-

complishment so clearly described in this monograph. They have taken a

giant step forward in adapting the technologic advances of information

theory and computer science to the study of disease ecology. Their work

clearly and dramatically demonstrates the feasibility of "computerized

mapping of disease-environmental data", and they have produced the blue

prints for an effective system. Hopefully, this work will continue, and

the system which they have designed with such care will b- implemented so

that the many scientists who are interested in the relationships Latween the

many elements of man's environment and his variety of diseases can work more

effectively for the benefit of mankind throughout the world.

HARLAN I. FIRMTNGER, M.D.



Preface

I'he tlkth is rarely pure and never simpie.

Oscar Wi ide

Communication means the nerspicuous transmission of information. As

with all things, the means has to be appropriate to the end. This has been

an important consideration in the MOD project. Our emphasis on maps as a

means of display is because this is the most eff,.ctive way to transdLt

disease/environmental informtion to most persons. Often a map is the best

means of presenting interrelationships vividly and dramatically --

especially to the intelligent, concerned, non-medically, non-mathematically

oriented person who needs to know.

Maps allow quick and clear correlation and serve a very important

need, even for the medical expert. Overlaying and visual pattern comparing

is a very powerful process because it peniiits human detection of relation-

ships so complex that standard mathematical methods may be unable to de-

tect them. The rapid production of maaps by computer gives an additional

great advantage; the process is so fast that one can get an up-t -date

presentation several hours after his request.

The computer techniques which allow map print out also allow print

out of figures and names to provide specific yes/no/or qualified answers,

lists of references, location of things by latitude/longitude coordinates,

political areas, etc., correlation coefficients, data for construction of

graphs, etc. etc.
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Prefac.

Simply stated, the objective of the 4 VD system is to provide a means

whereby the DISEASE PANORMA can be quickly and effectively presented in

map form in a time context which is either current or historic.

W- mean disease panorama to include location of

the disease at a particular time in terms of

prevalence, incidence, mortalit , and morbidity --

within the population en trtp aoso its various

segments. But more thwn this: we mean it to

include also information as to the quality1

quantity, and Zocatlon of those numerous

environmental fca.ors which influence rate of

occurrence a. well as character of the disease.

In a recent (i signed) article on the role of computers, it was said:

"When all the pertnent facts are known, decisions make themselves." This

may well be true, but it assumes that the pertinent facts are distinct from

the great mass of non-pertinent facts, and that the degree of their perti-

nence is recognized. This brings us to one of the critical points in to-

day's "information explosion". Data is increasing at an exponential rate

and is inundating us because of its enormous volume. We have by no means

solved the problem of converting data to information.

One of the very important problems in Geographic Pathology is how to

handie the great accumulation of knowledge so that what is known shall be

available when needed -- and we are talking about information, In contrast

to isolated data. Geographic Pathology is not alone in facing this problem,

but it is particularly serious here because the pertinent information is

more widely scattered, and a higher proportion of it appears in the form

of conference proceedings, annual reports from isolated medical centers,

and the like. In fact, much very valuable information (stemming from I
actual field experience) is not written down at all, but is; nevertheless

available if the proper approaches are used. An inherent part of this

iii
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data processing problem has cc d.o with separating the pertinent from the

non-pertineit, differentiating between the true information &d the mis-

information (which abounds), all as a prelude to converting isolated facts

.o correlated INFORMATION. Although ele ctronic data processors are very

.:ficient at storage an" retri'7al of data, and can carry out very complex

searches tor correlates, these mac;ines cannot do the essent'Al selection

and preprocessin6 of data whici,,among many other things, includes a value

Judgement as to the validity of the data which is fed to them.

In the course Qf our work, critics have pointed out to us the in-

ierent limitations of ma-y of the data that we would like to process. We

recognize this fact very well indeed. Certainly there are many places in

the world where the data base that deals with many disease situations is

Itogether inadequate for any meaningful collation, rlich less effective

computer manipulation. No system of information processing can convert

bad data into good data. However, there are large pools of data (derived

from cultural anthropologists, economists, geologists, meteorologists,

agronomists, epidemiologi6ts, veLerinarians, pathologists, etc.), relating

to disease/environment situations, which could be meaningfully collated

and effectively computer manipulated.

Many of the most important probiems have the softest information,

but we must Identify what information there is, and learn its limitations.

;,.e must work toward correcting deficiencies in the data base, but even more

important, we must develop better methods of using what information is

available.

We are at the stage of world development where many important judg-

nents must be made in the absence of hard data. If we do not use what data

is available, what shall we use?

"Where attainable kiowledge could have, changed the
i

issues, Lfgnorance has the guilt of vice."

Alfred North Whitehead
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The prime objective of the ML project was to develop a system whereby

availab~e data could be used most effectively to gain new insight into the

multifactoria. causes of disea~, This report i3 an account of how we set

about to do this, the many problems that we encountered -- and our efforts

to overcome these problens.

IiOWAR1) C7 HOFFS, Ml.

COMPUTERIZED MAPPING OF DISEASE
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ix



MAPPI17G OF DISEASE

Army Research Office (ARO), Scientific and Technical
Information Section (STINFO)

Defense Documentation Center (DDC)

Defense Intelligence Agency (DIA)

Military Entomological Information Servi. (MEIS)

Naval Command Systems Support Activity (NAVCOSSACT)

Naval Oceanographic Office (NAVOCEANO)

Naval Weapons Laboratory (NWL)

Strategy & Tactics A r,1ybi6 %ruup (STAG)

Walter Reed Army Institute of Research (WRAIR)

Geo.igical Survey, Branch of Geochemical Census, and Map
Information Office

Library of Congress, Map Division, and Naiional Referral
Center for Science and Technology

National At )nautics and Space Administration (NASA),
Goddard Space FlJ-ht Center

National Bureau of Standards (NBS), Center for Computer
Science & Technology

National Institutes of Health (NIH), Division of Computer
Research & Technology, Environmental Health Division,
National Cancer Institute, and National Institute of
Allergy and Infectious Diseases

National Library of Medicine (NLM)

National Oceanographic Data Center (NODC)

Public Heclth Service (PHS), National Communicable Disease
Center (NCDC)

Smithsonian Institution (Natural History Museum),
Dept. of Paleobiology, and Dept. of Vertebrate Zoology

Weather Bureau

Univac Div. (of Sperry-Rand Corp.)

University of Buffalo, School of Medicine, Computer Center

University of Illinois, Dept. of Computer Science, Dept. of
Yorestry, Dept. of Geograiphy, Div. of Human Ecology,
School of Veterinary Medicine, ari Lenter for Zoonoses
Research

University of Kansas, State Geological Survey of Kansas

x



Ackwiedqewnts

University of Maryland, Dept. of Geography, and School of Medicine

University of Michigan, Dept. of Geograp'-Y

IUviversity of Missouri, Collzge of Medicine, Mredical Center
Computer PrograDi

Woodard Research Corp.

xi



MAPPING OF DISEASE

People wao ar3 interested in data / infoymation systems

are of t7,o general types: The first is likely to say,

"I don't gie dn_ for our opinion.; show me your

data. " The second, "I'm not interested in the details1

I want information." The system we are describing in

this report would satisfy both types of user.

"A f..esh instrument serves the bame
purpose as foreign travel; it shows
things in unusual combinations. Thp
gain is more than a mere addition;
it is a transformation."

Alfred North Whitehead
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1 Introdaction

ABSTA' - This section discusses

mutifactorial causes of infectious

disease and develops the concept of

disease ecolog. Against this back-

ground, the objectives of the MOD

project are presented, and the ways

and means if realizing these objec-

tives. i-articuZar advantages of

the map-form, as a means of display-

ing information, are discussed.

One cannot stud)' man alone in relation to his
diseases because here -- as almost everywhere

else -- man is inextricably bound to his
environment.

1-1



MAPPING OF DISEASE

1.0 GENERAL CONSIDERATIONS

We are faced with the problem that always arises when one addresses a

mixed auuence. Presumably this audience (those who read this book) will

consist of experts, but some will be experts in the field of medicine,

or geography, or political economy, and know relatively little about data

procesing or computer technology; others, highly skilled in various

aspects of information theory and communication science, will know rela-

tively little about medical geography or the biodvnamics of disease.

We have tried to reach an acceptable compromise by laying a ground-

work of basic information at the beginning of each section before com-

mencing the technical discussion. To familiarize some of the non-medically

oriented readers with schistosomiasis and leptospirosis, a brief discus-

sion of each of these diseases is given in the appendix. Since a common

ground of understanding is dependent upon knowing precisely what the

writer means when he ases certain words, we have provided a Glossary

(also in the Appendix), and this is divided into two parts: Part 1

dealing with computer processing terms, Part 2 dealing with biomedical

terms..

1.1 HOST-PARASITE RELATIONSIUPS AND THE ECOLOGY OF DISESE

In a general sense, the MOD project is primarily concerned with just

this: host-parasite* relationships. But there is a vast arena in which

these relationships develop, an arena which contributes in a very important

way to these relationships. Thus we must consider, but go well beyond

*The term parasite is used here in its broadest sense to include all

living agents that live in or on a "host", deriving benefit from the

host -- and these agents include viruses, bacteria, spirochetes, yeasts

and fungi, as well as parasitic agents (in the narrow sense".

i



1. Introduction

factors which directly concern just the host or just the parasite. Some

of these additional factors affect the interface between the potential host

and potential parasite (relating to the critical act of infection, per se),

others affect the host's response to the parasite -- and vice versa --

(relating to the disease, per se).

Factors primarily concerned with the host have been described as

follows (Hopps, H.C., Principles of Pathology, p. 388, 2nd ed., Appleton,

Century, Crofts, New York, 1964).

Differences among individuals are, of course, very important
in determining the diseases to which they are susceptible,
and their reactions to the disea-es once they contract them.
But patterns of disease, inoolving large groups of people,
is a very different matter, and provides a quite new per-
spective in our study of disease. We can learn much of
value by looking into the reason for these varied patterns
of disease. The principal factors include: (1) Time, in
world histozg, (2) Ag i.e., time in the life of the

individual, (3) Race, (4) Sex. (5) Socio-economic
conditions and customs, and (6) Geogr.rhic location.

Factors pdimarily concerned with the parasite are more numerous and

more complex because, in addition to involving many physical and chemical

aspects of the environment, the parasites may be dependent upon inter-

mediate hosts and/or insect vectors to complete their life cycle, and may

also be dependent upon animal reservoirs as a means (either direct or in-

direct) of reaching their definitive host. (For those who are not bio-

medically oriented, it may be advantageous at this point to get some basic

orientation by reading the brief discussions of leptospirosis and schisto-

somiasis that are to be found in the Appendix.)

Taking the host, the disease agent, and THE ENVIRONMENT all togetber,

one has a complex relationship that is properly termed the ecology of

disease.

I-3



MAPPING OF DISEASE

An understanding of disease ecology is essential if one Is to compre-

hend the reasons why disease is such a varying entity -- vhy tne "same"

disease (in terms of its etiologic agent) can affect an occasional pereon

under some conditions and whole populations under otherp; why sometimes it

may be so mid as to escape detection and other times rapidly fatal.

Folke Henschen's description of the dynamic character of disease is

quite appropriate to this discussion (The history and Georaphy of Diseases,

p. I ((Introduction)), Delacorte Prcs, New York, 1966).

Diseases are not unchanging phenomena. Their appearance
and character are subject to historical developint and
varycing geographical and demographical conditions of
population. Some diseases seem abie to disappear; other
new ones to appear. Infectious diseases, ..'Tch only ore
or two generations ago foined the largeb t group in our
statistics on morbidity 6,nd mortality, have been dbriven
back by the advance of medicine. Instead two other
groups of diseases, cardio-vascular diseases and tu ours,
have taken the first place, a development which is partly
connected with a rising average expectation of life.
Howev rr, this revolution affe,,ts above alli North
America and many of the coun, rie, of Rrove. 3ut even in
those countries whose populations form the gre.t. major-ity
of the world's inhabitants, a development in the saMe
direction has ocurre. The o,)erall picture of diseases
:ithin onc contry or cormmnity, which one czz call the
'disease-paoanoz', vai ies t?en from tine to time, from
country 'o country, and from ton to tw.n.

1.2 OBJECTIVES OF THE MOD PROJECT

Objectives are discusced under five subheadings, beginning with a

definition of goals.
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1. introduction

1.2.1 DEFINITION OF GOALS

A,. the 37th session of the Executive Board of the World Health

Organization (January 1966) Professor Murray Eden gave an important "State-

ment of Cotmmnications Science" in the course vi which he made the following

assertions:

* That meaicin: and biolog7 are concerned with the obserrat'on
of patterns which in principle can be made precise only with
the help of matherratics.

* That conputers and computer science can open up an. entirely
nix' way of studying health problems.

* . . that there is a language barrier between the
cam=nications scientists on the one side and the physicivns,
biologiets and health adinistrators on the other.; a barrier
which nist be breached if these new tpchniques are to work
together with medical scionce (and they must work :.ogether)
for the betterment of the health of people.

The MOD project was undertaken i. n 1964) with precisely these ide s in

wind.

The Comnputerized Mapping of Disease 'xoject (.W)D) has two principal

objectives. The first, and most important, is IR devek a system that will

provide for:

(1) Recording, clasoifying, collating, and -alidating a

wide variety of medical-environmental data,

(2) 1-rprocessing the edicai-envirwnwental dats so that it,

can be computer prccessed.*

• One of the major problems is to :tructure a data .aniysls vocabulary,
deve.,loping a heirarchial system -or the. qualitative and quantitative

characterization of disease!zcologic information. This requites cutting
across disciplinary boundaries, identifying the "coemrn dencminator" of the
various jaigons, and converting thk& narrative and tabVtiar data into a
miscible form. (This is quite different from developing a dictionar, ur
thesaurus.)

1
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(3) Development of a storage/retrieval mechanism to act

upon such preprocessed medical data, together with a

complex editing program that will allow updating, that

will provide for immediate identification of material

in conflict, and that will print out specific data

sources.

(4) Development of programs that will allow manipulation

of the data to show significant interrelationships.

(5) Development of programs whereby the computer can

"instruct" a plotter to prepare contour maps reflecting

quantitative aspects of incidence/prevalence -f specific

diseases, together with distribution of a wide variety

of causally related factors, e.g., climatic factors,

soil factors, animal reservoirs and/or insect vectors,

characteristics of the human population, etc., etc.

(6) Development Of programs whereby supporting information

(to accompanly the maps) can be printed out, extending

the !sefulness of the mapped medical information.

(7) Development of programs whereby other types of grapbhc

display can be generated to show cause/effect relation-

ships (e.g., line g:aphs) pertaining Li prevalence

and/or incidence of a given dinease.

The second objective of the MOD project is to produce meaningful maps

(and other graphic displays) that show the distribution of a disease(s) in

terms of prevalence, incidence, severity, etc., along with distribuitions of

selected causally reiated factors. Ouantitative as well as qualitative

aspects will be consideted, with major emphasis on contour-type maps, the

contour lines representing isarithms.
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By usi.ng a computerized system of analysis and output, it will be

possible to produce distribution mapc in a matter of minutes rather tnarl

months, as has previously been the case. This will allow up-dating whenever

required. Furthermore, such a system will permit the production of many more

maps than would otherwise be practical, covering a wide range of ecologic

factors. As desired, these could be printed on transparent stock nuitable

for overlay assembly in order to compare one pattern of distribution with

another, etc.* In the past, the time involved in preparing disease distri-

bution maps has been prohibitive in terms of maintaining current information.

This is reflected by the fact ttiat, to date, there have been only two major

contributions in this field:

A Geographic Atlas of Disease prepared by the American
Geographical Society" and published during 1950-55.

A World-Atlas ot Epidemic Diseases edited by
Professor Ernst Rodenwaldt (Heidelberg) and published in
1952 (but refl,-cting data gathered some years before).

From a broader point of view, the MOD Project Qapping Of Disease) is

an effort to illuminate the jeOb, p+';ic pathc, o of disease. Geographic

pathology is, in a sense, a kind of comparative pat ,logy -- one in which

place (rather than species) is the primary variable. Geozraphic pathology

attempts to answer the questions: What (disease); Where (is it) -- and

When; and Why (is iL there). Of course geographic pathology includes aspects

of epidemiology since it, a'so, is concerned with prevalence and incidence

and the interplay among complex causal factors, but it goes beyond epidem-

iology in its Lonceri, for the pathogenesis and the pasnologic effects of the

disease under study.

* There is virtually no computer limitation ol map scale; as the gergraphic
ar-ea to be covered decreases (the size of the map remaining ccnstant) the
map scale varies inversely and "resolution" increases.

____________________
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Potentia t, nlications of the MWD system, in addition to producu.g

disease distribution maps, per se (and o[ er graphic displays), and in help-

ing to determine causcl elationships. include: (a) use in evaluating proba-

ble (disease) consequences from particular changes in ecology, and (b) use

in developing mathematical models by which one may predict major changes in

disease incidence, e.g., epidemics.

Althovgh _'e MOD system has been developed with nr 4mary concern for

infectious diseases, the system is applicable to virtually any problem ar a

in which "things" need be cons .Vred in a time/location context.

Summarizing, the MOD project is an effort to:

(i) characterize input data (relating to disease/

environment) in such a way that they can be stored

and readily retrieved in context by a computerized

system which, (') using these data, can relate

meaningfully, pr-valence/!ncidence/character of

disease to a variety of direct and indirect causal

factors, and (3) output the information directly in

ir.ap form.

1.2.2 KMPS AS A MEANS OF DISPLAYL,,G INFORMATION

Maps were chosen as the principal pattern-form to display informatt on

pertaining to disease "but not the only means) for two reaiFns: First, be-

cause those areas in which the distribution of disease ageit and host over-

lap mar& the geographic regions where the disease can occur; evaluation of

such ecologic fa,.tors as temper.ture, rainfa.l, humidity, the am>._nt and

mineral content and pH of surface water, Agricultural practices, populatiot

densities of various plants and animals (including man), tke kinds of people

involved wnot only age and sex, but race, etnnic group, 'Ind tribe) and t'eir

customs -- and a hundred otner factors closely tied to geographic location --

can help uc to determine where the disease will ccur, a id how iL will be
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manifest. Second, because maps have a unique advantage over most other forms

of graphic display for the general reasons that:

(1) Extensive and continual usage of map forms, beginning in
early childhood, has conditioned most (educated) people
to an intuitive understanding of maps.

2) The map is ideally suited to a consideration of multiple
factorg simultaneously (e.g., place -- both geographic
and political -- in relation to topography, population
density, the location of towns and cities, the location
and character of transportation routes, and time zones).

(3) Through the use of rather simple devices such as isarithis
(isopleths) one can achieve a three dimensional effect
iii a two dimensional presentation (quantity becomes the
third dimension; quality and location the other two).

We believe that a mechanism/system which can produc( many kinds of nap-

patt ns quickly, in response to specific query, will offer two very important

advantages: First, such a mechanism will make it possible to have current

information about the distribution of specific diseases and the distribution

of known causally related agents or conditions. Second, the rapid availa-

bility of a large number and wide variety of disease-environmental maps will

give the observer an opportunity to compare location patterns of unknown but

poz-bly related ecologic factors and, in this way, help him to identify

causal relationships that might G nerwise have escaped notice.

Two recent articles in Nature describe the present situation well in

terms of needs and accomplishments in the field of automatic data processing/

computer mapping, and these comments are very pertin-ant to the MOD project.

25 March 1967 --". . . only a tiny proportion of the mass
of demogzphic and climatic information collected by
governments ever sees print in mpx form. Information is
simply tabulated by area, and the possibility of spotting
regularities or correlations -- say the incidence of
pellagra, family expenditure on food, and the provision
of medical services in thc eastern United States -- is
very remote indeed. Such interesting relations as have *1

been found are the result of years of searching, and
merely increase the sense of frustration that there is no
better way of doing it. "
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16 April 1967 - "in the environmental sciences, a
s .orta_7e of info.ation has been turned into a fLood
by advances such as aatomatic data loggers r hoto-
gr-nhic survey and satellite ins rumentation, buz
methods of :.sing this inforfnation h- been left
behind. Maps are the best way of makina the en-
vironrental infor~"~ior corprehensi le, but they
are stili prepared bz. slw, expensiveo a7,i in-
ftexibl process. Professor Lin ton o the Depart-
melt of Geography at the University of Birming ham
described the process bluntly as "cottage ir.dustry".
So fa, unfortunately, it has not proved possible
Lo automate the process. Automati:Ln is artractive
becauge even if i;t did not make the process sim-
1ler, it would certainly sued it u. In addi-

tion to being a great advantage in conventional
topographic mapping, the increase in speed would
encourage people to include a Zocational -lement
in obse -ions which are not at present mapped at
all. I e observations, such as the census re-
turni could then be made available in map form. as
well as in statistical -orn.

Maps also offer a powerful research too! which
many people believe is under-exploited because of
the difficulties and ex.pense in preparing maps by
hand; maps showing the spread of d.seases can be
compared with those showing diet, economic circum-
stances, or the availability of medical services,
and reveal unexpected correlations -- lead in the
soil and the incidence of mental disease, for
example.

1.2.3 SELECTION OF DISEASES TO STUDY

The major objective of the MOD project is to develop a xethod that

will give new insight into disease-environmental relationships, but this

cannot be done effectivelv without reference to real life situations. Dis-

ease models are necessary, not only to develop methods, but to test them.

Our choice of diseases to study wa6 governed by the following considera-

tions:
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(1) There aust be adequate information about the

disease in terms of amount* and qualitative/

quantitative factol;, and it must be possible

to connect both of these items to geographic

loci.

(2) The disease must be one in which geographic

distribution reflects ecologic requirements.

(3) The di:- .ase should be one in which the prevalence
and/or incidence is related to certain variables

in a way that is understood (at least partially) --

and the variables must be measurable and of known
geographic distribution.t

Selection of the disease area to study was influenced by these con-

siderations:

(1) The area should be fairly large (to test the graphic
generator programs).

(2) There should be several hierarchal levels of political
units in the area (e.g., country, state and county).

(3) Disease-environmental data snaild be rather uniformly

distributed over the area, ibe., there should be
few "unknown" or "unreported" subsections within the

area.

Of many many possible diseases for study, based upon the :onsiderations

given, we have concentrated upon leptospirosis and, to less extent, schisto-

somiasis and rabies. These were carefully chosen for several reasons:

The disease must be positively diagnosable and reported. Furthermore,

effects of the disease should persist for a long while unless the
disease is readily apparent in its acute form and continually

searched for.

t Man to man transmitted diseases should be avoided since

occurrence is primarily iniluenced by intimacy of contact
and "immunity". This excludes most upper respiratory
infections.
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(a) they ar- important diseases; (b) we (in the Geographic Pathology Divi-

sion) know a good deal about them; (c) highly reliable laooratory diagnosis

is possible; (d) they are wide-spread In distribution, buc not diffuse; (e)

more reliable distribution maps are badly needed; (f) each of the diseases

poses specific data processing challenges in relation to important ecologic

factors. For example:

Leptospirosis: * Involves many mammalian reservoirs (100±),

both domestic and wild.

* Occurs throughout most of the world.

@ Prevalence is greatly influenced by the amount

and nature of surface water in the area, ,

cluding pH, mineral content, rate of

evapo- ition, et c.

" Prevalence is greatly fluenced by

occupational and/or recreational habits

of human beings.

" Severity varies markedly, depe-ding upon
serotype and many other factors.

1.2.4 THE DATA BASE

There are three basic parts to the MOD system and these intmiateiy

relate to cach other in the sequence shown below.

Locate and get data sources

Select/extract/format to produce a DATA BASE FILA'

DesignJimplement Software/hardware system

(giving special considera-

tion to form of output)

The data base is, obviously, an essential (key) ingredient of the

System since it provides the substance upon which the software/hardware

components act.
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But (as shown previously) there are two aspects to the daca base:

(a) collecting the raw data and (b) preprocessing this so that it can be

effectively stored, retrieved. manipulated, and output as infonnation.

The difficulties in getting the raw data are very considerable, and should

not be minimized. But the greatest problem that the bio-medically orieited

person encounters when he attempts to use a computerized data processing

system is in preparing (preprocessing) the medic9l-enviroimen-tal data for

computer input.

This problem arises because the bio-medical terms are not direct and

-nVm e; tccy do not have clearly defined single quality/quantity character

istics. This p eprocessing phase of the procedure is aptly described by

the word translation -- if one understands that we are not talking about

translating a foreign language into English, or one machine language into

another, etc. Translation, in this particular sense, means the reduction

of complex data terms to bits which have a common denominator, so to speak,

and are thus compatible with all the oUhcr bits of data wiich bear re-

lationship. One can combine oranges, and grapefruit, and pineapple, and

coconut -- and get ambrosia -- but there is a limit. One cannot combine,

meaningfully, oranges,and minutes, and square miles, and altitude, as such.

But, given a proper data structuring method, one can combine, meaningfully,

orange trues, time (in a calendar sense), square IL.?s (in a location

sense), and altitude -- along with temperature, rainfall, human population

(the availability of agricultural laborers, the numbers of people who drink

orange juice, etc.) and the prevalence and incidence of carotenemia -- and

produce distribution maps which show important interrelationships among

these i-ems.

A simpler, and more common problem in translation comes when we must

make compatible two statements such as: (1) "In the early winter of 104

there occurred a mi-ld epidemic of influenza among the urban population of

northwestern United States," and (2) "During the period 6-29 Noi mber 1964,
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the prevalence of type-A influenza infection was 47% greater than for a

similar period in 1963 amcng the inhabitants of cities with populations

over 35,000 in Washington, Oregon, Idaho, and western Montana." Both

statements are, obviously, very closely related, and we have no difficlAty,

subconsciously, in fitting them together. But without a precise system for

translation, these two data-complexes would be "considered" by a computer

to be entirely unrelated.

The problems of preprocessing data art; ' Lxier complicated in con-

nection with the MOD system because, as we have mentioned before, any broad

cousideration of diseaee-environmental relationships must utilize data

drawn from a group of different disciplines each of whi'ch, in a sense, has

its own scientific language -- geography, geology, agronomy, political

economy, cultural anth'ropology, pathology, etc. etc., but this aspect of

the problem, with other aspects, is treated extensively in Section 4.,

Data Characteristics.

1.2.5 F RDWAiE/SOFTWARE CONSIDERArIONS

Speaking about multifactorial etiolzgy of disease, Profes. A. Payne

in his "Statement on Epidemiology" to the Executive Board c' WHO (20 January

1.966) said;

"These changed concepts and increased compie.xities require the
development 9f new theoretical and analytical approaches. We
can no longer be content with the solution of simpZe situacionw
such as one agent of known infectivity, incubation period, etc.,
in a population of known density and imnune status. Mathema-
tical models, which involve the translation of real world prob-
lems into symbols and numbers, alrea, ex7-st which enable us to
predict, within reasonable limits, i;he outcoe of the intro-.
duction of an agent into such a lituation."

"'TiY new concepts demand the forrmu ation of mode.s ":waj times
more complex and require both highi.& _phistica-ted .4athematicat
treatment and adv anced crnputer technoloc-y. Complex data of tbia
kind . ,,ot be handled 'n any other way, and for mlatioi of n,;w
models emands the aid of mathematicians and computer e,'1iattisi,,2.
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We agree entirely with Professor Payne, and it was this point of view

that led us to undertake the MOD project nearly three years ago.

The MOD effort has been directed by disease-oriented rather than com-

puter-oriented persons because, from the outset, we realized that computer

processing was the means to an end. We have worked diligently so that the

citicism leveled by Dr. A Feinsteii at (some) computer technologists would

not be appropriate for us: "They may understand the machine, but not the

problem; mathematical theory, but not the nature of the problem -- the

statistics may be excellent, but irrelevant." These statements are not

meant to demean the role of the computer nor the systems analysts, programers,

etc. Sections 6 and 7 of this volume give clear evidence that we do appreci-

ate the importance (and oomplexity) of computer technology.

Continuing with our very general consideration of computer processing

it is appropriate to point out that automation does not make a process

simpler, it simply speeds it up. From a practical viewpoint, however, the

great speed of operation allows manipulation of a volume of data that would

otherwise be virtually impos3ible to handle. In relation to the MOD system's

(ultimate) requirements we have estimated -hat on the order of 10 possible

factors may need to be considered (nat necessarily used)!

in addition to speed of operation, autowation has another very im-

portant asset. It provides for a consistenoy of handling data ti..t, other-

wise, would not be attained. In turn, this consistency of handling forces

a clear and sharp characterization of the data input, the query, and the

informaticn output.

There are many conventional aspe ts to Lhe hardware/software require-

ments of the MOD system, but there are tuo unconventional aspectb. The

first relates to Lhe storage/retrieval and manipulation of uniquely struc-

tured input data that deal with medical-environmental situations -- processes

which inclade a comiLex Dictionary File that recognizes errors and allows
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for their correction, that provides for updating, and that also pef arms a

gazeteer function. The second has to du with developing computer programs

to contour-plot d'isease-environmental data -- data that are often represented

by celatively sparse data points.

In a sense, the hardware/software is the computer, and the computer

is thai wzilieu in which the raw (input) material 13 converted to the finished

(output) product. The figure below illustrates this relationship and also

points up the facL that one important interface exists between the input

group and the comaputer, and another between the uiser Kroj an -heomputer.

IIN 
P UT 

group

data generators
data Frecorders

V Specific in~ormation

,,..g.,, pr'evalence of
ir, laria in Nigeria
dui;zig rainy se,7w on, 1.968.

Searches f or interrelationships

.Iiatribution of
malctria 1.n Nigeria,

The two levels of interface c orrecteCd for population,
for 1.965, conpared
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(a) lists
(b) tables
(c) block diagrams

QUEY OUTPUT (d) maps

.... ....

...e .t..T DATA ..A.... .. ... ..
.. .... ...

.. .. .. ..
.. .. . .. ... ... .. ..... .. ...

CA

Fig~ -i Geerlizd CDsyte cnc~t hoirg o~ qer i ate

uponL by) the gooue ytmwihfrt i noth aabs ooti
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1Technical summary

ABSTRACT - This section ie a general
consideration of wat has been ac-

compZished duzrg the approxinateZ9

30 months that te MOD project has
been active, supplementing and com-

Zemen in. *he (prospective) iew

presented "n the Introduction, and
the GeneraL Sunpnar-," ConCLusio.;, :d

Recovneniat ions,. wh'C h corr-ise

Section 9. in adition. e-)tains~~~the c a~at w of this ;.book.

iin every problem situation we ar, faced
1,w1 the twin que-ttlons:

* What do we know?
o What do we not knowi'

When wk, answer thert questions, theli
we are ready to make_ progress in
Jnderbtaiding; when we have gained
uwder#3tatding, then we are prepared to
make decisions.
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2..l OVERVIEW

Section 1, the Introduction, considers the MOD project as a ,.role and

summarizes many aspects. Furthermore, each section co'..ains its a ri ab-

stract. These are reasons why this technical sumnar, is ouite brief.

The Geographic Distribution of Infectious Disease Project i'- character-

ized by its unique conceptual framework and the variety of scientific disci-

plines it represents: geography, cartography, geology, meteorolog ,

agronomy, biology, medicine, political economy, cultural anthropology,

systems arialysis, computer systems design, computer programing, etc.

Because of fJ-is multidisciplinary L.,volvement, certain fundamental

questions conc~rnlng the- fsr~ .sr. rom the system and the potential

users of that product had to be resolved before beginning system design.

Useful types of output were determined to be in thle form of maps,

graphs, and narraive reports. M,4ps were selected as the principal device

to display areal re.Lationships, and were investigated in detail and dfnd

both conventional maps and special niaps, suited to thle study of geovraphtc

distribution of -disease-environcrentai data.

After deter-mining the output desired from a gcclraphic _,isedse-

environmental data system, Y, :' 4 'aJ , w or t: co -1.s id er e,'

was recessary to develop data-structurh enrox before further o pr ss

could be made, anid thig wlas accomplis-ed. Mi'))14 data rte-quirementl wure

then .corpied iin he for7m of i catalogue of ditiease and env -nmeut,;l ic

turs, anid both minimal ai.-d ideaL. datai i.eods were out l.i-m-4 Data Sources

*The term, '*)I, usved th -roughIouL this r eport. is an crnuci -ri vcm fro.

he intial letters Of Lhe three words that compr ise thre abbreviated name

Of the prioiisc:: 1,apping OIL Disease.
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were ::onsidered and the many problems posed by particular characteeistics

of daLa available for use in the MOD system were analyzed

.*'h zzrrb'nation of input ind output requirements fur thL MOD svstem

computerized techniquep for solutionJ In considering these tech-

niqu , the requirements for output devices, input devices, and central

processing units were determined. Output devices are a primary considera-

tion since the system design is based upon the required output. Cathode-

ray-tube (CRT) devices, digital plotters, and line-printers were all in-

vestigated in terms of MOD system use. Although input devices are a

secondary consideration, optical character recognition (OCR) machines,

punched paper tape readers, card (or tape card image) readers, and digi-

tizers were all analyzed with respect to possible use in the system. Data

processing methods must be considered in any discussion of computer systems,

and the basic data processing techniques and commonly-used languages were

inve- 4 at.i. Dete*lied concii'si-sn -18-a to the int-r-tgon onf com nter

equipment actd data procesaing metiod.. -esented in the -z!-n-riate

sectious (especlaijy Szction 6).

The system design specifications for the MOD system have been pre-

pared in varying levels of detail. Included in this report (Section 7)

are discussions of the four subsystems comprising the MOD system: s

retrieval, synthesis, and output.

Throughout 0ris repcrt many figures are presented to illustrate prob-

lems encountered in designing the tD system -- and cur effectiveness in

overcoming thes2 problems. Actions speak louder than words, and we be-

lieve that the comput-:t simulated manually drawn maps and the computer/line-

printer and /plotter produced maps showing disease-environmental data speak

loudly in support of our conclusions that: (1) the comn'terized mapping
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of _isease-environmental data is feasible; (2) the MOD system design we

have described here represents an effective "b.ue-print"; and (3) this

system should be implemented as soon as possible because there is a wide-

spread and pressing need for the type of data processing and output that

th NOD system would produce.

2.2 iETHOD OF '.PPROACH

The reader is due some explanacion of why this report was organized

as it is presented here, The method of our approach to the problems of

designing the MoD system had a major influence on the way we have ap-

proached this account of our activities.

The Preface and Introduction set th. stage, so to speak, by de-

scribing the objectives of the project and considering, in general, ways

and means rif attacking the many problems.

Since the data are of primary consideration, Data characteristics

and Data collection are (.onsidered before Computer system re uirements

(an essenti~i factor in system analysis) and Datp procEsing (a descrip-

tlon of system design).

After this background, the Section, Output usae, describes opera-

tional procedures and potential applications of the system.

F'inai.lv, a General summary, conclusions aud recommendations are

given.

The Ap2endi.x presents a variety of useful information to supplement

that contained in the major portion of the report.
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Output analysis

ABsTRACT- This secton ,

in detail, the types of o. ;t re-

qued of the MOD system. Since maps

of diseate-envroneyal data are of

major conerm, the various types of

maps are explained -- and how to

construct them. Block diagrams and

graphs are also discussed in the con-

text of disease-environmental relation-
8;, p8,

"The true purpose of knowledge resides
in the couwequences of directed action."

John Dewey

3- I
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3.0 GENLAAL CONSIDERATIONS

The most critical part in developing any autonate-d data processing

system is the determination of precisely what the output (result) should be.

This is necessarily so hecpuse output requirements direct ly influence !'rtu-

ally every step in development of the system. This section gives a compre-

hensive evaluation of those output considerations which were th basis for

designing the UD system. t considers also the other side of ae coin

input. in a sense, input is the cloth from which the garment is made;

system desigr. is the pattern to which it is cut -- and the computer is the

sewing machine.

Since output is of no value unless it is put to good use, any con-

siderationi of output is sterile unless the potential user is also considered.

For convenience, outpur usage is considered in detail in Section 8 (after

the entire system has been discussed)., but output usage, as we conceived it,

served as a constant guide in output analysis. Obviously, the output of

the )D system is inforlation, information directed primarily toward:

9 Presenting quantitative aspects of disease-environmental
data In relation to place and time.

* Identifying the multiple causal factors in a given
disease, and their interrelationships.

@ Determining interrelationships, if any, among several
different diseases occufrii, together, e.g., schisto-

somiasis, iron deficiency, protein maltutrition and

tuberculosis.

E Evaluating the impact of the disease upon socio-

economic aspects of the area, militr.ry operations,
etc., etc.

o Anticipating the effects of altered ecology on
incidence and manifestation of disease.

o Predicting variatico.s in incieence which are likely

to occur in the foreseeable future -- on the basis

of past history and trend analysis.
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A system contain "g generalized disease informat.z could provide ou~t-

put that would satisfy econimic- or cultural developm ic-oriented people

who were st'empting io assess the influence of specific liseases upon the

development of a particulat country or society (e.g., AID). Such a system

would also serve an industrial group planning to establish a base of oper-

a-!ons, gui JIng thea in immunization and other prophylactic measures, in the

desiin of medical facilities, in the types and specific locations of houses,

d-rmitories, etc. etc. In other words, such an input/output system would be

particularly useful to decision-makers who required inficrmation about

geographically oriented disease conditions ovr comparatively broad regions..

A system containing more detailed information, on the other hand, would

be required to satisfy biomedical researchers concerned with in-depth in-

vestigations of disease-environmental situations, partic.--l ca%;al

relationships. Similarly, more detailed information would be useful to

public health officials whose major objective was surveillance of specific

discases.

As discussed in Section 4, Data Characte tics (4.4.1), the iethod by

wL '-h the data is structured permits it to be entered at any level of gener-

Jlity, and to be retrieved at any level equal to or more general han that

at which it was entered, In other words, highly specific data can be used

in a broad or general way, but not vice versa. Thus) the more detailed the

data input, the more potential users could be satisfied. Because of this

the MOD system, including data cxtraction forms, has been designed to re-

ceive and process data in its most detailed form (when available) -- detailed

as to precise geographic location as well as to specific qualitative and

quantitative characteristics

3.1 TYPES OF OUTPUT CONSIDERED

The information to be output by the proposed MOD syster -an take several

forms. For purposes of this discussion these are: narrative reports (i.e.,

listings or tables), &raphs, p, and block diagrams.
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3.1.1. NA,;,AT1IVE kN'u 'I JJLAR R.FPORTS

Today, most cc'1p-iter outrPi' takes the form of "hard-copy" reports,

i.e., printed words and numbers arrariod in lists, tables, or narrative-like

prose. The techniques for producing th~ese are well known and need not be

discussed-1 inl detail here. It is important to realize, however, that a com-

puter 3ystem cannot, ordinarily, combin~e data stored in f-ee prose or narra-

Live fcrta and produce summiries of such data; but it can summarize rather

rigidly formatted uaLa an~d produce meaningful short rep--ts. Although the

1'ID sys-em concentrates on output in the form of maps, narrative and tabu-

lar repcrts are also an importP'- output product because they are required

to dispLy such items as input data, the contents of a data file, daLd

retrieved by queries, data to be used in generating other form-; of

etc.

Figuie 3-1 shows a set of data that was extracted from Malek (in May,

1961), and . ,srt -nr, ki!d tab"Ilar output useful in Studying a dis-

ease situation. (The project tear, added longitude and latitude coordinates

to the data and rounded the data valies to make then more easily comparable,)

This set of data was u.;zd' as a standard set for idvestigating mapping tech-

niques, and it zappears throug.*iut this report In various forms, We emphasize

that these particular data are quite limited 1r. scove, and that their primary

use has been in developing methods for various computerized outputs during

desigi of hie MOD system.

If for eacn geographic locality the rat population density were plotted

as the X coordiate, the DH value of the SUiface water as the Y coordinate,

and the prevalence of leptospirosis ab the Z coordinate, then a :ontLuted

graph could be constructed, like that ini Fig. 3-2A. The same data could also

be plotted as a family of curves by taking, for each locality where the rat

population density was a partic'ili- value, the water pH value as an X co-

ordir'ate and the leptospirosis prevalence number as a . , and this !.a shown

In Fig. '-2B.
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3. Ou~tput Analysis

DATA POINTS FUk IN#:LCTIL)0% RATE ( PEleCENTI OF SCHI SYU-SUMI A5I DUL TO

SCHlISTUSU AA M ANSuN I I N m AN.. I'3d -14569 AS5 GkOtJPIL U h PkGV I NCL$ AN C

SP ALL C0C.NTIfIE- CXTRACTE) F(U- mALEK. IN MAY. 1961. STUCIES IN

DISLASE FC:ULOG' * P. 3U5-313. IN4TERPRETED) RY MUD STUI)Y TEAA.

SUUTti AMERICA NOJRTH1 O.F LAT. -30 ULU.

HLUIUN RLi'..LSLNTtu .(tAUkTEL iNTtkPkLTLU INTLl.PqtT1-U

Av Y ISEASE LUCAT IZON 0 1SE -4SE

DATA PLANT VALUL Lullt. LAT- VAL.

Figure 7- Listing

of the standard set LARA +SURk. 1PS.. 'iC. Nk -70 + I1 0

DII;TRITO FEDERAL. VEN. 31.6 -67 .11 32

CARAmono PR., vEP). 9.9 -6d +101

of South American AmAr-1'
6 PW. VE 24.8~ -67 +10 24

MIRANDA PP., VEN. 10.3 -66 +10 1I

schistosomjiasis data
MUNAU.AS +5010<. Pi1S.. VLN. NP -63 +9 M

usddrn O mp 4IA' !OR P14S.. yEN. %H -69 + 8 C'

useddurng OD PR.. VEN. 30. -66 + tj 31

RCLLIVAk PP.. VFN- NR -63 + 6

ping studies ("NR" HRITISH W 1 AN.'A Nq -59 -0

means not reported). OuT~rI GUIANA PRESENT -55 + 5 1

CLL 0*411A NR -73 + 4 0

FRENCH DIANA Nk -53 + 4C

RIO rIRANCu 1,H.. 1RAL - G, 2 0

A.-.APA PR.. dRIN. Nk -54 + 1 0I
TCkjALUOR Nk -78 - 2 0
A'AZvNA5 PK., bRAZ. R 6 -

PARA PR.. tiWA?. NP -53 - 5 C

klAPANHAC) PH.. li4AZ. 0.46 -45 - t

CLARA PR.. .iRAZ. 0.94 -39 - 5

RIO rRANr3C DO NOR'TF PH.. 8PAZ. 2.32 -37 - 5 2

PARAIAA R.s l'RAl. 2.32 -37 - 7 0

PIIAUI PH.. diRAZ. 0.04 -4.2 -81

PERNAIAHIKC) PR..* A 1. 25-*17 -3b - C$ ; f6

ACRE PiP., oI<Al. NR -70 - V0

AL.AGOAS PR., tIRAZ. 2C.48 -37 - 1

PERU NR -75 -,1 0

SER6IPE PR., ORAZ. 30.13 -38 -I 1 3

RONI)NIA PR.P. 4IRAZ. NR -63 -l

BAHIA PR., HRAZ. 16.51) -42 -1Id 17

G(;IAS PP.. oRAZ. 0.03 -49 -11 1

VULIVIA NR -05 -17 0

MATTU GkUSSG 1 ... ti-,Ai. 0.007 -5 1 1

M1INAS GFRAIS -k. . ,R1AZ. 4.41 -145 -lb

NURT'iEPP. PARAUUAY NR -60 -21 0

SAO PAI)LU P.R.. NRA?. PRESENT -49 -22 1

RIO DE JANr.IRu PR.. tiRAZ. 17.1c -4.3 -22 1

iIIIY PR.,* ARC. P -66 -23'C

F'RPMOS.A PR., ARCG. Nk -6C -214

PiAPAN A PR4., RRA?. 0.12 -'52 - 241

SALTA PR., ARO. Nk -65 -25

SUCITriE.N PARAGUAY Nk -56 -d-0

CHACO PR.. AR(. P -61 -o0

CATA,-AfP(A [lk. . AREi. ,4 -67 -27 0

TUCU',AN PP.. API.. ilN -0 -27 0

SANTA CATARINA' PR., tiRAL. 0.00 -,,1 -27 0

SANTIAGO OLL ESTtRU PR.. AN. NP -C63 -2b 0

cbRRIENTES + ADJ. P65-. A~u. NP -1:) -?'b 0

(10 GRANDE Do klL- P', H NA? Pill1 -5 3 - 2' 0

12'A kIOJA PR<.. ARD. t ' q -67 -30 0
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ij,,re 3-L Two- and three-variable graphs (AB,C, and D) illustrating

possible disease-environmental relationships: A, a contoured Lhree-variable

surface.
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3. Output Analysis
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MAPPING OF DISEASE

36

z12

0-

Mean Total Annual Rainfall (inches)

Men TOWl Annual )Rainl ilndtes)

95 
L I

Contours I nfection Rab 1pcn

Figr2e 3-2-C (upper) A twa-variable graph, and 3-2-D (lower), a three-
variable (contoured) graph, both based upon real data: schistosomiasis in
Brazil. (Temrperaturwe and rainfall data derived fromn marterial in

Goodxe 's World Atas, 2th ed. 1964, copyright by Rand
McNally & Co. R.L. 68 S 86; used with permnission.)
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3. Output Analysi8

At'I

Because of the potential power of these graphing methods we alon

experimented with some actual data. The standard set of schistosomiasis

data provided disease factors and two other sets of factors were obtained

from existing, readily available maps: ann'il rainfall (Rand McINally, 1964,

p. 97, uppcr left), and July normal temperature (Rand McNally, 1964, p. 11,

lower). Values were extracted from the rainfall and temperature maps at the

same longitude and latitude points as each disease data point (i.e., at the

center of each respective p:ovince), Figure 3-2C shows a graph of t;o

factors, rainfall and infection rate. Two possible curves have been fitted

to the data on this graph, one, an exact fit, and the other, a smoothed fit.

Figure 3-2D shows a graph of three factors: temperature, rainfall, and in-

fection rate. This last graph was contoured to show the possible application

of this graphing technique. We emphasize that our purpose here was to ex-

plore potentially useful methods; data limitations do not allow conclusions

regarding specific disease situations.

The MOD study team did not concentrate on computerized output of this

kind because of time and economic constraints, but our limited studies show

the technical feasibility and potential usefulness of this kind of output.

3.1.2 GRAPHS

In many fields, where large amounts of da.a are available, graphs*

showing the relationships between two variables are more useful in under-

standing these relationships than are tables or lists of numbers. Graphs

are useful in several ways: when the equation is known, the graph can be

used to explain the relationship; when the equation is unknown, the graph

can indicate what the equation could be.

* A graph is siapjly a pictorial representation of the relationship between

variables and is, in a sense, a substitute for an equation representing this

relationship.
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Ordinarily,the most useful graph (becauza of its relative simplicity)

is one whki, represents two variables. Three variables are much moce diffi-

cult to ,andle, but can be graphed by means of a "family of curves", each

curve representing a two-variable graph for the total situation -- with the

third variable held at a particuilar (con-tant) value. A more informative

representation of three variables, however, is a contour plot, similar to a

contour-type map. Study of more than three variables can be facilitated by

carefully organized arrays, composed of either two- or three-variable graphs,

arranged side-by-side or, perhaps, overlaid one on another.

Any of these graphing techniques has potential (great) value in the

study of specific disease-environmental situations. To illustrate their

use, -onsider a hypothetical (realistic) situation in which we have a set of

gci. <aphic localities where we know the prevalence of human leptospirosis,

the de: 'ty of the rat population, and the average pH of the surfac: water

(ponds, streams, etc.). Suppose, further, that the interrelationship among

these factors is such that, broadly speaking, there is more human lepto-

spirosis where two cuditions exist togetner: the surface water is slightly

alkaline and there are many rats. The majo- difficulty in producing graphs

to show this relationship comes when one attempts to assign unique single

values to the graph points. Perhaps this can be resol...d by averaging

several points or by narrowly restricting the geographical area from which

the graph points are taken.

3.1.3 mPAPS

Speaking generally, a map is a representation of epatial or areal

r '3tionships on the earth's surface. A map is drawn according to a rigor-

oui, logical, consistent grid pattern and scale, so that there is no non-

systematic distortion of size, shape, distance, and neighbors. These are

characteristics which other diagrammatic, pictorial, graphic representations

do not possess. (For examp a cartogram allows non-systematic distor:ions

in the size, shape, and neighbors of regions.) A map has two independent
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variables, X and Y, represented by longitude ("LO") and latitude

respectively (or latitude/longitude equivalents), and portrays the varia-

tions of a third dependent variable, Z, i.e., value ("VA,"), as height above

or below a standard plane. Maps .nd graphs are dist-..guished in that graphs

can use X and Y variables that do not represent (geographic) position.

Furthermore, a map is drawn orthogonally io a datum plane; i.e., everywhere

on the map, the viewer looks vertically downward toward the centcr of the

earth.

Maps are especially useful when a substantially i!,rge volume of

(appropriate) consistent, related data is available. Maps ari also particu-

larly useful when data have a location -haracteristic (alreadv represented

by two variables, longitude and latitude) and a third variable which con-

sists of the value of the data at that specific location. Under these con-

diLions, a simple two-variable graph is no longer adequate to show the re-

lationships. Maps have proved to be immensely useful tools in all geo-

graphicaliy-oriented fielas of study. It is in recognition of these impor-

tant advantages that we have concentrated on maps in our considerations of

MOD output.

3.1.4 BLOCK DIAGRAMS

A potentially useful map-like representation o geographically dis-

d data is the block diagram. This differs from a map (as defined

cdfL.graphically, Lobek, 1958) only in that it is constructed obliquel

(rather than perpendicularly) to a datum plane. Benause block diagrams re-

semble maps in so many ways, we will defer further discussion of -hem until

we have considered maps in detail.

3.2 MAP CONSIDERATIONS

Maps are very familiar means of presenting data, especially in simple

form, however they can be very complex. In order to establish a basis for
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MAPPING OF DISEASE

understanding the potential uses and effectiveness of maps -- and their

limitations -- the following discussion considers various types of maps,

what kinds of data they portray, how they portray these data, and how the

maps are constructed.

3.2.1 CATEGORIES OF MAPS

There are so many kinds and uses of maps that it would be virtually

impossible to consider them all. The following list of categories (in-

cluding some items which are not strictly maps) reflects a classification

which we developed to catalogue those maps (conventional and computer pro-

duced) that might prove useful. to the MOD system:

(1) Map index/list/catalog

(2) Outline map

(3) Geographic reference map

(4) Air navigation chart

(5) Photo (mosaic) map

(6) Vertical aerial photograph

(7) Topographic map

(8) Hydrograpl.ic 'aautical) chart

(9) Base (plat/survey/cadastral) map

(10) Oil company road map

(11) Earth-science map (geologic, soils, alacial and

glaciers, weather, climate, mines/minerals,
palinapastic, etc.)

(12) Otner physical/chemical-environmental map

(13) Biogeographic map

(14) Other biological-environmental map (possibly
agriculture, forestry, fishery, etc.)

(15) Disea ,e map

(16) Economic map (agriculture, forestry, fishery,
manufacturing, processing, engineering, public

works, transportation, communications, trade,

commerce, finance, etc.)

3 -12



3, Output AnaZysis

(17) Historical map (political/social-historical,

paleogeographic, military/naval- istorical, etc.)

(18) Other human-environmental map (population,

language, religion, etc.)

(19) Extra terrestial map (star chart, etc.)

(20) Other types of maps

3.2.2 USEFULNESS OF MAPS

Why is a map important? Of what use is a map to a scientist study-

ing geographically-distributed factors? BLief consid,_zation aas already

been given to these questions in the Preface, but primarily in relation to

the MOD system. The following statements are a more general response to

the question-

(1) Maps summarize a great deal cf information as
compared to tables or nuarrative prose.

(2) Maps enable the scientist to overcome hL physical
limitations (especLIly size) and to see the
broader spatial relationships and characteristics
in the world about him.

(3) Maps are valuable means of communication because
the data are presented vividly and I.n an easily
understood visual form.

(4) The use of various graphic methods to represent
data permits the patern of environmental variables
to be readily sten.

(5) Maps serve as a powerful means of generalization,
aiding in the analysis of spatially/areally
distributed data.

U A, appropriate general statement (Bick and Johnson,
1967, p. 1) is: "Maps are indispensable in earth
science stidies because knowledge of the geographic
(areal) distribution of quantities, temperature
and air pressure, for example, is vital to under-
standing the processes active on the eartn. The
use of maps involves competence on the part of both
the compiler and the reader with respect to three
fundamental factors: alt understanding of map
scales, how to determine positioix, aad how to present
th', data in a -form that can be readily assimilated."
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MAPPING OF DISEASE

Underscoring the great potential of maps, the statement has been made

that cartography (i.e., the use of mans) has been as important to the develop-

ment of geographical science as mathematics has been to the development of

the physical and engineerin6 sciences (Bunge, 1962, p. 33).

Now that we have emphasized the advantages of maps, let us consider

the disadvantages. Maps attempt to prE _nt an entire picture from a limited

amou , of data. All maps are constructed by interpoLation techniques, of one

sort or another, from a finite (comparatively small) number of observed data

points. Map-making techniques are com-romises betweer mathematically rigor-

ous portrayal and psychologically realistic portrayal. Furthermore, every

map is, to a greater or lesser extent, sche-atic and employs conventions --

and every map must be interpreted in the light of at least a general know-

ledge of how it was made and the conventions employed. These facts do not

render maps invalid, but they do impose a responsibility on the une:7 to

interpret them intelligently, No one type of map can possess atl possible

virtues; it is a question of using that type of map which il- best foi a

particular purpose, combining a maximum of relative advantages with a mini-

mum of relative disadvantages, ie., limitatllons,

In addition LO limitations of the sort we have just described, there

may be errors in construction: in locating the X, Y (longitude, latitude)

of the data points or in determining the Z (value) of the data points.

These can represent observational errors (which depend in the method used to

measure the data points' values), sampling e ors (when only a limited sample

can be taken at unevenly spaced locations), bias error, (in which a person,

subconsciously, prefers certain numbers over others), conceptual errors

(related to the validity or usefulness of the concept: presented on the maps),

and, in contour maps, errors due to faulty approximation of the s ;rface by

(linear or other) intei-,olation between known values.

3.2.3 CONVENTIONAL MAPS

Our purpose 'ere is to point out several important characteristics of
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conventional~ iapzi. charaicteristies that are not nec,,ssarily related.

A msap portrays I symbolically, and -. uch of cartographic symbolism

has grown up over the yea-,s to the. point, that it is now a well-establ.Ished.

standaidized set of conventions. One of the most important of these carto-

graphic cosventifona? ,.vacerns the ba~se information placid Oil a particular

ap- to sh.: ,-hat miriinum gmoint of geographic referenec information (coast-

lities, pc.litical boundaies, cities, rivers, etc.)necep-sary for the viewer

of the map o correlatE the distribution of the faczo- being mapped with

f .liar landmark po-Ints on tO&e eart'a's surface, (Maps -,ich aie prepared

by a computer are usually either drawn upon or laid over a base map which

alrc.idy contains miott. if theae data,)

The kinds of ; ta which (,an be mapped are unlimited, so long as the

data zan be phrased in termG ot X, Y, Z triplets (longitude, la-.itudc., and

value). The major proble-o comes in selecting data points so that the re-

s lig map surface is most informiative and of "reasonable" appearance,

For example, nu fupdautentally different tech~igueii of mapping are involved

when making a contouir mrap of (Land based) diseases in a coastal region than

are involved when waking suoch a map for an interior region. But in the case

of the _:oastal regl.o-n, the cartographer (human or computer) influences the

map he Is making by modifying his set of data (no.t his cartographic metho~js)

to in~lude a lairgP number of data points out in tile ocean, each point with

a value equ.ivalent to "no disease present".

Logically, a map represents only one dependent variable (or one

dsease-environmental factor), but more than one variable can be represented

either by a series of maps (each displaying a distinct or unique statistical

surface) or by overprinting the mapped patterns of several such variables

onto the sane base. shei--
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3.2.4 DISEASE IWPS

A disease map is one that shows the geographic (area! or spatial)

distribution of jome clearly defined aspect (qualitative or quantitaLive) of

the total disease situation. Disease maps are abstract statistical surfaces,

conatructed artificially according to the same conventions that define the

construction of conventional maps. The disease maps which have been pro-

duced to date show principally tne distribution or occurrence of a particu-

lar item in the total disease situation, often with extensive narrative

comaents on the maps thems _ives and/or in the legends (and the use of such

verbage indicates a failure to present adequately, in map form,the medical

information).

Disease maps are closely related to maps of other abstract statistical

surfaces, e.g., population density, rate ,f change of population dcnsity,

etc., which cannot actuaLly be seen or olserved directly in the field, but

which must be calculated from field observational data -- in contrast to

road mcps, topographic maps, type-of-bedrock geologic maps, etc.

The use of disease-environmental maos as a research tool is based on

the assumption that ccincidence in the distribut n patterns of two mapped

factors indicates a :elationship (causal, associative, or coincidental) be-

tween those tactors. One of the most clear-cut instances in which m' ped

patterns have been used to indicate important disease-environmental relation-

ships is to be found in the conclusion (Buritt, 1962, p. 77-78) that the

distribution of Burkitt's tumor, in Africa, occurs where, simultaneously:

the altitude is less than 5,000 feet; the sea-onai mean temperature is

always greater than 60 0 F; and the total annual rainfall is greater than 20

inches (Fig. 3-3). From the apparent Interrelationship arcng these factors,

Burkitt has suggested that thits tumor may be caused by an insect-borne viral

agut. Another clear-cut instance in which a disease distribution pattern

(goiter) matches that of an environmeutal factor (iodine content of drink-

ing water) is shown in Figure 3-4. A third illusLration (Kratchman and
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I 3. Oi% t Anal-sUs

Fiqure 3-3-A Distribution (circles)
00 showing location of Burkitt's tumor in

I Africa.

0 from Pos-tqraduate keaica.J-ournal
(zoo ~ Vol. 38, p. 71; r--2&roduced

%)-) i-th permilbV-L-v:.
'dtor and of.+i __

D. Burkitt.

Figure 3- 3-B Area (shaded) where I

the following three conditions are met

s imul Lane ously: altitude is under

5000 feet, seasonal mean tewiperature

always exceeds 600F, and total annual

rainfall exceeds 20 inches.
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r t

A I

"frequent" (five or more Lases Ile- thousand); B ( L-.'}r, area (shaded) with

Iodine content of drinking water "luw' (less than 0.23 per liter),

frm? Historl 'J Leogzrph:4 of' EDveaoes by lienschzen, F., L962 (EryZish
~t3c-,in by c te, 1966), ^ Seycrur £ Lawznce Book pb,'iaed

b; )e7.acorte Preas; uated unth pexio'eion.



Grahn, 1959) involves the correlation of deaths from congenital malforma-

tions with higher-than-average levels of environmental radiation. A more

detailed consideration of the use of disease maps, particularly the types

that could be produced by the MOD system, is given in Section 8, Output

Usage.

3.2.5 ~'YMBOLIC REPRESENTATION ON MAPS

Data can be represented graphically on a map in three baEsically

jlfc-rot jvq. and these may be combined. One may "3e:

o Do-tpe symbols, such as actual dots or points,
numbers, letters -- even small pictures. These

can be consider _i as zero-dimensional symbols
since, in practice, they approximate a geo-
metric point. (The term dot-type is used here
in its literal, descriptive sense. We realize
that, to a cartographer. a dot-type nap is a
particular kind of statistical map whic'h shows
density distributicns by lots. W,: are uF 1 ig
"dot-type" as synonya'ous ;vith 'point value-" or
'data point-" or "poi,,- type".

* Shading-ity ymbols, suci, as various intensi--
ties of grey, or various colors,, or patterns.
These can be considered as two-dimens~onal
symbols since, in prac tice. they approximate a
geometric planar area. (Some maps using shading-
type symbols are also known as choropletti maps,
others as dasymetric maps.)

0 Contour-type symbols, or contour lines (also
known as isarlthms, isolines, or isopleths).
1'hes,, can be considered as three-dimension~al
symjecis sinc, a set of contour lines, in practice,
approximates a geometric curved surface.

0 A _fourth method of rtpresenting itiformation on a
map utilizes flow-line !yMtLols such as kllircctionai
arrows ji6. 3-5), whi~h may be cons idered as uric-
dimensional symbols, Aipproximating geometric
lines . This method is centiovied only in passing

as it has but limited applicain it must be
used in cowl'tnat ion wi ':h one of the other thr~e
types ot symbols to be n:,,aningful.
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**7;.. "S -0
0

0 0

Figure 3-5 Flow line-type maps illustrating the routes by which "Asian

flu" spread over the world during February 1957 - January 1958: star (in

southern China) indicates proba le origin; black (aid white) dots show the

first wave of cases.

from E-stcry of Geography of' Diseases by Henchen, F., Z962 (Englieh
translation by Tate, Z966), A Seymour Lawrence Book published
by Delacorte Press; used with permission.
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3. Output Analysis

It is appropriate to reconsider the meaning of data in the light ef

the three kinds of symbolic representations we have just presented. When

numerical data are presented on maps, cartographers commonly speak of these

as 6tatistical irtups. Many of the data which relate to disease-environmental

situations are numerical (quantitative), many are qualitative. The follow-

ing division of symbols, on the basis of qualitative versus quantitative,

may be helpful.

SYMBOL QUALITATIVE QUANTITATIVE

Point and Line roads ]dot distribution density

(dot-type) towns kof population
flow lines

Area vegetation type chorapleth and other
(shading-t ) shadings where numerical

type) land-use type values have been assigned

land-form symbols circles

shadings

Contour nominal or ordi- isometric data
nal level data

3.2.5.1 Dot-type maps Dot-type (data point) maps are useful tools for

the study of various environmental factors, especially their qualitative

aspects, i.e., whether a particular factor is present (yes) or is not pre-

sent (no) at a particular place. (Quantitative aspects canlbe shown, however,

when different kinds of dots ((size, color, etc.)) are used to indicate

differences in amount.) Probably the best known dot-type maps are those

showing biogeographic distribution of various species, including human popu-

lation distribution maps.

To construct a dot-type map the cartographe. specifies exactly what

disease or environmental factor he L tends to map, and just how he will draw

pi A



the map. Next, he obtains an iaternally consiste nt, relevant set of data

point.s, each of which are expressabie as longitude, latitude, value (LO, LA,

VAL) triplets. Then he select; a sheet of paper appropriately gridded for

10lotig'ude (LO) anid latitude (LA), places a Uot on the grid according to the

(LO, [_A of the point, and writes the point's value (VAL) next to that dot.

Finally, he ivides the total :ang6e of VAL's represente on the entire mar,

into sev'erai gro)ups or intervals, selects an appropriate dot-type symbol for

each inLerval. and draws over each dot the appropriate symbol for its 'VAL.

la this consideration of dc:--type (point-value) maps we nave used th~e

sort of technique which would be ne, qsary for any computer programmed

svs :em. In practice the (human) cartographer might not locate dots by

lati~tude ant longitude, particularly i~f the density of data point; was such

that this dcgree of precision was mearingless. The density of dots might

be determined by the data being pl -tted, e.g., one dot = one -;- ndred people,

in which case the dots would be p~aced to represen.L the pattern in reality.

if there h.ere only 100 people in a cou-ity, the single dot would be placeid

where most people lived. The center of the (geQ.~raphic) unit would be

chosen only if the distribution were uniform,~

Figures 3-6 through 3-10 illustrate various dot-type maps -- some from

published works, other produced by the MOD group. Figures 3-6 and 3-7 from

published papers, are .lot-type mapfs that portray the distribution of several

enviL.jnmentil factors. Figure 3-8, in its published form used dot-type symn-

bols of different coiors as well as shapes to show the distribution of lepto-

spiral serotyp .es. Figure 3-9 presents our standard set of (schistororniasis)

data as two ianually drawn, dot-type maps; Figure 3-10 as computer/line-

printer output (using the Kansas Geological Survuy trend-surface program).

1. 2.5. 2-_ Shadjni!,: ea s Thellsi.atistical suriace"representeo by a ehad-

ing-type um, consists; of a seriLeb of estsentiall-; horizontal planes that have

differer' elevatiorv ,.id that are separated by vertical. cliffs - escarpments

(i.e., a step fuuvcirion). The different ele-vations are represented by vari-

ations in of grey, or patterns, or color.
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- ------- 3-

]!re 3-~6 Published, manually drawn, otttorpe map showing the amount of

land Inr farms (related to the size of the circles), a130 the percentage oil

that land available for crops (related to the area of the black sectors

within he cir cles).

f'rom ElementJ _ h 2nd ed., by1 Fobinson, A. Hi., 1960,
;u~l~he bz Jon ViU,,y and Sons, tnc., New York and

revr,3112,ed with perv'saio £.
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3. Outru t ,4nalusis

'P9NLAND / S.N~

//

S/(AT
/~~ ~ MA IT 'J /

EIRlE DO N

. . ,'UM A 'IA

" ", TUGAI. 
" N

ais s y mb o d Iat A U

CANY o n t e o 1 1 C m

SPA3-SH

E4A GIY E(YP A RA B IA

N.D.

__ _e -8 Section of published, manually drawn, dot-type map portraying

the occurrence of various leptospiral serotypes i.n different c(,-untries; the

presence of each serotype is symbolized by a dot of a different shape and

color on the original map.
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M.I!EING OF DISEASE

Infection rate (%) of schistoso-

miasis (mansoni) in human beings;

* data grouped by provinces.

to

0

fPgux 3-9 Dot-type maps (A and B) drawn manually from standard set ofj

South X1erican schistosomipsis data (Figure 3-1) as part of MOD study; A,

simulating MOD machine-produced disease map.
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3. Output Analysis
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Fi"ur 3-9-B Same data shown in Figure 3-9--A, but following a more con-

ventional cartographic format.
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INF RATE OF SCHISTOMIAS S (S MANS) IN MAN
PLOT OF ORIGiNAL DATA tZ-COORDINATES)

PLOTTING LIMITS

NAXIMUM X " -36.0c,000 MINI" X - -60.000000
MAXI MUM V 12.000000 MINIMUN Y - -30.000000
PLOTTED VALUES HAVE BEEN MULTIPLIED BY A FACTOR OF 10 TO THE 2 POWER

X-SCALE IS HOOIZONTAL

X-VALUE - -80.00 + 0.4944 X ISCALE VALUE)
Y-SCALE IS VERTICAL

0123456769 123456789 123456789 123456789 123456789 123456789 1234567a9 125456789 123456789

12.00
11 'i +3200
10. 5 -J 90CI00
9.55 ( 1.20u +0
8.70 +0 .3100
7.68
7.06
6.21 *0
9.41 +0O 10

4.56 +0 +0 +0
3.76
2.94

129i

:2:01

-3,66 *0
-4.48 +0 +100 +100+200
-5.50
-6.11
-70,70 *100 +2600 )
-6.60 +0 .27p
-9.42

-10.25 +0 +3100
-11.07
- 1.90 +0 +1700
-I..r +100
-13054
-14.57
-15.19

-11.84 *0 .100
-17.6 +400
-16.49

-19.31 Z0O0
-20.*11
-20.96 +0
-21.76 -100 +100
-22.61 +0
-?3.41 +0 +10o

-24.25 +0 .0
-25.0
-25,.90 .0

-26.73 +0+0 +0

-I8.17
-29.20 .

Fij re 3-1 Dot-type map produced during MOD study from the standard

set of South American schistosomiasis data (Figure 3-1), utilizing Kansas

Geological Survey trend-surface proF-am running on an IBM 7090 computer

with output en a line printer (outline of the continent was added manually).
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3. Output Analysis

Shading-type maps have also proved to be quite- usetu2 tools in studying

various environmental factors, especially in relating a qualitative factor

to an area location. (As with dot-type maps, quantitative aspects can also

be shown.) Well-known examples of shading-type maps ate the large- to

small-scale bedrock geology maps published for most states and countries by

governmental geological surveys.

To construct a shading-type map the cartographer specifies exactly

what dieease or environmental factor he inteuds '3 rvap, and just how hu will

draw the map. Next, he obtains an internally consistent, relevant set of

data points, each of which must br expressable in the form of (LO, LA, VAL)

triplets. Then he selects a sheet of Pnper 7.prciala.l.r griaded for LO and

LA, draws the outlines of the units (political or otherw..se) on the (LO, LA)

grid, and enters the VAL for the area (determined by grouping procedures).

Finally, he divides the total range of VAL's represented on the entire map

into several intervals or groups, selects an appropriate shading-type symbol

for each interval, and shades or colors each unit with the appropriate

symbol for its VAL.

Figures 3-11 through 3-15 illustrate various shading-type maps. Some

of these are from published works, others were produced by the MOD group.

Figure 3-13, taken from the published medical !iteraturc, AiQows how shading

techniques can be used to rt resent various medical data. Figure 3-14 shows

the standard set of (schistosomiazds) data presented in the form of a

shading-type map. Figure 3-15 portrays that same data as output by a

computer/line-printer configuration, using a simple program which we prepared.

3.2.5.3 Contour-type Maps Cntour-type maps have proved to be very use-

ful tools for the study of various environmental factors, particularly those

considered by the several earth sciences. They are also very well suited

for the study of many disease situations. This is because contour maps

present quantitative as well as qualitative aspects.

- 2')
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Output Analysis
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Figure 3-12 Examples of muachine- i~I~III
drawn, shading-type maps: A, done by IIiIII
computer/line-printer configuration

(Fisher et al, 1967) courzesy of

Laboratory for Computer Graphics,

Harvard University); B, done by

computer/plotter configuration

from Computer Representation ci' Planar :
Regions by~ their Skeleton, by Pfaltz

and Rosenfeld: Conmzniaatiorw of theACM.! Vol. 10, No. 2 (Feb.), 1967; re-
produced with permission.b
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3. output AnalysisB

Iafection rate (%) of schistoso-

miasis (mar soni) :,a human beings;

data grouped by provinces.

Fiq'are 3-14 Manually drawn, shading-type map showing the same standard

set of South Am~erican schistosomiasis c at& (Figure 3-1).as presenter' in

Figure 3-9.
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Figure 3-15 Shading-type map of standard set of schistosomiasis 
data

(Figure 3-1) output on a line printcr after processing 
by an IBM 7090 (out-,

line of South America added manually).



Do t--yj~. acd iig-ye~sse~tli lx) mo!; tc~ ~

b :xedlal ?an%- data-pvocess.ing cr,,entr&4 peo-ieC jifth ,I con the s .ukv tealr hnaS

vrebut this was not the -ase ; .th cointokir-type -'aaP5. For-t fLf reca-

son, and bec?!se contour nais ave soa i~mporta t in the M&D Dr-:, O~ re*-

aernt here a somewha~t detailed explanati-on of what contez.r-typc maps mean

* anid Iv they ag'le constructed.

Well-knov-n examples of cant ur-t.,pe mapping inethc la:2e-Ecale

*tLIT)Orapaic maps so vilely -:sed in the earth sciences. ao W~ather manVs.

Baic.alyv a contour'-tvpe map is a device by r.neans of -;hich'- a three- dime-.

slL'nal, carwple; geometrical figure (real or imagined) 1 .an Zhe renrero-enced an

a two-dim rensioa-a> simple plane surface. The map accomplishes thi~s by a

~set Of lines. i.e. * contours5 (sometimes called isolines, isarithmsz or

I sonp'*eChs) Which outline, acco -ding to well-defined rul~es, i siiape of

tliat complax gtiometrical figure. E~ach contour izS a lit! drawn on the nap

or chart connecting points of equal valu,.e, T his li-ne olften representsi

p.,,ints of -?qucld elevation above (or below) somo assumed Lase eievaricif-., but

it iiey also represent points of equal, temperni.-ure or humi'dit-y or population

density or d.'Uwaae pievalence.

BeczAse the geie~cafig;ure heinag repeecdby the map is5 tbree-

'irnensionaJ, th.1s fi gure csa: be treated as a set cons!,sting of many ordered

triplats of numberS (x., Z.) For each SpE"Cific Pair (N Y) 0fl3, and

a

Contour technlque ca-n be fied to repr-2sent the.. form of any geumetri-

*cal -:j-f ae (,. tl-A tarm (X, , 7 F(Xl Y M) £e variables X and Y,

* thteoretically, can represent values for any conceivable indepeadent dsae

environ~e~ntal factors, Under thc-sL conlitions the result is a 2..aph1 shov'-

Ing the relationship among three disease-ervironmenta.lk factot s. In oi- ier

to make e- contou7 E A of a particular isae'vrotca factor, X is

taker. to be the LCI (Iongitu-le) of a geographic point, Y the LA (lfaitude>'

an~d Z the VAL (value' of the specific fa-c-t a t nat particular (X,)
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point locality. Thus, In muaking a map, the X, Y, Z triplet becones a

special case; it becomes a LO, LA, VAL triplet.

Now that we have considered these general principles, let us examine

a standard topographic contcur map. On such a map, LO f,-X) and LA (-KY) are

obvious and need no elaboration. VAL (-Z) is taken to be the elevation in

feet above or below the datum plane of mean sea level, The relationbhip

between an actual land surfEace and its representation as a contour-type

map is illustrated in Figure 3-16. The remainder of this discussion will

be based upon actual construction of a contour-type topographic map. Al-

though this illuetration uses VAL's of elevation, any disease-environmental

factor which could be assigned a unique value (VAL ) at each specific geo-
a

graphic locality could be contour mapped in precisely the same way, e.g., to

show the infection rate of Schistosoma manson. in man, or the mean total

annual rainfall.

To describe the product. ni of a contour-type map, we will use a spe-

cif ic example. We will construct a contour map (with 10-foot contour

intervals) showing land elevation (in. feet) above mean sea level over a

swiill area containing a twin -peaked hill (Fig. 3-17A). We will Use the

data contained in Fig. 3-17B, Yhich were actually taken from Fig. 3-17A,

and a square (LO, LA) grid. 0 in the margin mark disicrete step ,.j

First the ca--tographer specifies exactly what disease-environmental

factor he intends to miap and juat how hie will draw the map (selects ccen-

Stour interval, etc.). Next, he obtains an internal.ly consistent, relevant

set nf date points expressed in the form of LO, LA, VAL triplets, and

selects a sheet of paper, appropriately gridded for LO and LA.

Thaen, just as with dot-type or snading- ype maps, he plots each data

polnt on the (LO, lj&) grid and writes~ the point's VAL next Lo that dot. By

LhIG opeeatlon, the aa of Figutre 3-l7B become the dot-type map shown in

Figure 3-18. kEut from tnis step ua, the procedure differs from those de-
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3. Outpu.t An r2ys7

S!1RF ACE Of- SMA 1. 1HI I

. 4 01 ELEVATION

ACTUAL THREE- < 10' LLEVATION

DIMENSIONAL (vEEVTO

SI 0ATLEVTIO

v4 TERSECTION OF SURFACE 0O' HILL Wi-TH1

HORIZONTAL PLANE OF W' ELEVATION
-WHICH PLOTS ONTO CONTOI: R MAP AS:

CONTOIR LINE OF 10' FEIEVA TION

DIME NSIO NA I
MAP Of ACTUAl

S1 FICAT',.ON

Fipmre 3-16 Relationship between an actual land surface and its repre-

sentation as a contour-type map.

4X
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MAPPING OF DISEASE

After all the data points have been inserted, the cartographer scans

(visually) to note the highest- and lowest-valued points, also any broad

trends that the data point values may suggest. In our example (eee Fig. 3-18),

the highest-valued data point is the 73 foot point near 41°25 ', 17 22', and

the lowest-valued data point is the 5 foot point near 41045 ', 17029* . The

data points indicate a high area in the left-central and central-central

portions of the map and imply that the surface slopes downward sharply north,

northeast, and east of this high area, and more gently south from the high

area. Another important observation is that the data points appear to be

most densely distributed in the upper-left quadrant of the map.

PAfter this preliminary evaluation, the cartographer decides which con-

tour line will probably be easiest to draw and, at the same time, wJll sug-

gest the overall shape of the surface being contoured. The highest-valued

data point is commonly chosen and successively lower-valued Contours drawn

around it. (Occasionally the lowest-valued data point is a better choice.)

Sometim.s the most nearly middle-valued contour line is selected, tracing

b it through the field of data points. The cartographer then picks out the

data point most appropriate in view of this choice (above), and draws

straight lines from that data point to the several (perhaps five to ten)

surrounding data points which are neaicst. Taking the VAL's of the two data

points at the end of each line, he interpolates (and marks the position of)

the contour-line values along each line. In Figure 3-19, this process has

been performed for two dita points, the left-hand one representing an at-

tempt to locate the highest-valued contours (here, the 70-, 60-, and 50-

foot contours), and the right-hand one representing an atLeopt to locate

part of the middle-valued contour (here, the 30-foot contour).

Parenthetically, note that only the or'ginal!y plotted data points can

be considered to be "lnown" points; between these known data points are an

infinite number of points, each with determinable 1O and LA, hut with un-

known VAL. If a contour map of the surface under consideration is to be

made, this surface must be assumed to be a reasonably smooth, regular
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3. Output Analysis

____ ____ ____ ___ ____ ____ ___ __0

60 36

0 70

30

30 20
0. I0*

24J

3?1 10S

301 3 r, 4 E041045'

LO LA VAL LO LA VAL
(minutes of (minutes of (feet above (minutes of (minutes of (feet above
arc tram arc from mean sea arc from arc from mean sea

E041 0 ) NI 70 ) level) E041-) NJ 7 0 ) level)

+ 19.6 +20.8 + 38 +32.0 +17.7 +39
20.0 25.9 25 33.1 422Z. 59
21.2 15.0 37 33.9 12.0 33
22.4 20.8 55 34.1 26.0 35
23.1 11.7 35 34.7 Z2*t0 68
23.6 17.9 41 36.0 29.8 15
24.4 24.2 40 37.7 19.8 42Z
24.5 30.1 14 39.6 22.3 3
25.0 21.1 73 39.8 15.7 30 I
26.4 1 9.8 54 40.4 2991 9
26.6 21.0 61 40.9 14." 24
Z7.7 23.1 51 41.4 22.6 32
28.U 26.6 32 42.8 22.8 19
28.7 28.5 21 42.9 12.0 16
29.1 1 .5 38 43.5 18.7 17
29.9 21.4 55 44.8 29.25
31.4 25.0 39 44.9 23.3 11
31.5 22.9 49 45.7 13.08

Figure .3-17-A Land surface, and -B, table of data points, used to

demonstrate procedures of constructing contour-type maps (Figures 3-18

through 3-23).
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Figure 3-8 Data points (from Figure 3-17-B) plotted on-square (LO, 1A)
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Figure 3-L9 I,,terpolatton of contour-lite values around two data points.
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MAPPING OF D-SEASE

geometrical surface. Only under these conditions is it meaningful to assign

interpolated (inferted) numerical VAL's to the many other loci distributed

among the few known data points, and every unknown point must be assigned

a mathematically-manipulatable, numerical value (rather than a "?" value).

Then the cartographer continues in this manner, selecting other ap-

propriate (known) data points and interpolating contour-line values around

''em, building up a large number of rather closely spaced interpolated data

points to 7upplement the known ones. This phase is illustrated by Figure

3-20 in which interpolated data points with VAL's of 70, 60, and 30 feet

are indicated. (Interpolated data points with other VAL's have been left

off the map for purposes of clarity.)

At thiis stage the cartographer draws a line connecting successively

adjacent, known and/or interpolated data points with identical VAL's. and

draws lines in this fashion for each VAL to be contoured. These lines are

irregular at this stage and can be considered as priliL:inary contour lines.

The 7U-, 60-, and 30-foot preliminary contour lines of our example are shown

in Figure 3-21; as before, the other contour lines have been omitted for

ease of visualization.

The final step ccnes whet the cartographer (visually) inspects the

preliminary contour linet then smoothes them,exactlv as one draws -.- Mootil

curve through a set of datA points pr sented on a gravh. Assumed (slight)

inaccura' ies in interpoa tv4l data noint' vaues , coupled With the presued

regularity of the surace belng -contoured, perzit .his srn-othing to be done

with no xo! .loss -accuracy. The smoothlv curved lines resulting fro-M

trs last up .. at jO" an he v.on;" red !.o Le {'al cntour lnes. he 7tI-,

d- -.. . inal contoTII iJUV s of 0ur i lustratv e example are , n

in Fi:ure F gr. - o, ail the final contour lint,-:; --- i.e., the

completed. Contur-type cLam, 4o._ c.mparison, te ori ginal land surfce from

which the dlt a i 6 -! h ; re taken is shown it. Figure 3-17A.
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Ff~ ue 3 ,,3 Final coutour lines drawn from the data points of Figure 3-17-,1
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3. Output Analsia

i drawing cbe -preliminary and final contour lines, the cartogrepher

p -oeeeds ia accor-ance w~. weil-defined rules (as outlined by Ohman, 1963).

These are illustrated in Figure 3-24.

(1) Most comonly, the contouc line wiil be drawn sc as

to connect successively the closest geographic point
localities that possess the same known oi inter-

polated VAL (Fig. 3-24A).

(2) When points with different VAL's frteivene between
the two closes,% points being used to conertuct a
particuiar contour, the contour line Lust fit
arond the first-mentioned poits so as to connect

point~s other than the closest points with that

particular VA (Fig 3-24B). Ccntour lities 6,:1ould

be 'smooth" to convey a meaningful concept oi the

smooth surface which they are attempting to portray.

(3) Con.ours must be capable of closing either on or

* off the map (Fig. 3-24C). Contour lines depicted

on two separate but adjacent, contiguous maps must
connect whev the edges of the maps are put gogether.

(Obviously, the fcwrm of the land surface %foes not
vary seccording to how the boundaries uf the topo-
graphic quadrangle maps showing the land are

arranged.)

4) An elongated ridge crest, representing a reversal

of slope or gradient, should be shown by two
_pRSin& contour lines of the same VAL, rather than
by a single contour line (Fig. 3-24D). This is be-

cause, in nature, no ridge crests exist which are of
precisely the sR'e eleva. 7on (VAL) as a particular
contour for a distance great enough to be shown
on f dap

(5) When the points belng used to draw contour lines

are located on the cornern of a square, it may be
that two possible sets ef contours can be drawn Aor
them (Fig. 3-24E). Suri a situation can be resolveo
by interpolating a fifth point at the center of the
square with a valie (VAL) that Is the aver&ge of the
tu possible interpolated values betdeen the pairs
of points on opposite corners of the souare (Fig. 3-24F).

continued next page

3 47
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rW33 0 X 28 
63

/ ~~una c epta bX'r.t 030 X 26 60: contour co 6'
/a.30' contiur

I~ ~ /e0: c ont o ur l line ,53 cnor!n

FtGURE A FIGURE B

0 "620, z,0
3'90 14

of.i 2 -]1

liga or errect 9 1incorrect4

FIGURE C FIGURE D F.IlURE F
(e - known points; X interpolated points)

i6 7 2 16 7 3 16 7 4 1 7

11 1/ 15+811-1/2
9 14 9 14 9 14

FIGURE F

una,: eptable 10^
dangling 8pi.. al

1 o our 
6

FIGRE ro ingCinc rect 0'

FIGURE G FIGURE H

Figure 3-24 llustratioas of rules to be followed during contouring.
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(6) A contour line must never be a dangling spiral
(Fig. 3-24G). 4

(7) Contour linezs used to map a particular factor
must never cress. Obviously, referring to our
topographic map, a particular geographic point
cannot be both 10 feet ard 20 feet above sea level.

Contour lines greatly aid comprehension in that they tie together

points of comparable value and, in addition, show rates of change, thereby

stressing rejationships which might otherwise be less apparent. Such in-

formation is completely lost with shading-type maps since all values in an

area are combined to produce an average -- a value which may not even exist,

as such, in the area.

Thus, shading-type maps (and to even greater extent dot-type maps) present

quite limited information about disease-environmental relationships because

of problems involved in grouping data, problems which often lead tn marked

istortion r. place/quantity -elat-ona'ips. (At exception is the special

case where, using V!gh resolution (large scale) maps, every case (or small

,roupi of cases, of a particular disease is precisely locat-I by a dot.

T-is technique ia widely used, and very sticcessfully by t-p.demologists.)

This sems an adesuate explainaticn of why iisease-environmental maps have

not beer more widely i A. -he vethod of contoar wmi-ping gets xround the

most serius of ti:- data gro'ping proklems (mentioned aboa;), hut makes

much -reater demands of the data in terms of "completeniess".

Vz ,_ous contzur-type m.!.ps are shown in Figures 3-25 through 3-29, in-
Ll one that deals with biomedical problen (vig. 3-27). (There have

been relatively few contour maps produ ced that deal with diseaa-environ-

mental data. The problems which we have encountered in developing the MCD

system, particularly those dealLg with data ^tructuring, would explain

this.) MOD sybtem produced .ontour maps, based ;,on the standard set of

(schistf9somi .8s) ,.ta are AIso shown. Figure 3--28 is one that was drawn

manual.,_, Figure 3-29 was produced by a computer. Further examples will be
preser.,ed later in the discussion of cc:mputerized mapping programs.

3 - 49
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32-~

/ I -)/ 201

|0 C! ' 1

F_ 327 Published, Ulailually drawn, contour-type map displaying

areal variations of standardized mortality ratios calculated for Australian

human males who died from arteriosclerotic and degenerative heart disease

during 1959-1963 -- Learmonth & Nichols, 196.5.

from , jo eovie ,tanicudlizec murtali,2 ptio,: Loi" Australia, 1969-1963:
Ocasional Pap, i, No. 3, bd) Learn-nth,A.T.A. and Nichols, U.C,,
lv6o, The Auel-ra~an Narl. Univ,., Canber..a; recproduced wdith

perm~ssion.
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Infection rate (%) of schistoso-

miasis (manoni) in human beings;

data grouped by provinces.

L I O

Figu. 3-28 Contoui-type map of standard schistosomiasis data (Fig. 3-1),

drawn manually as part of the MOD study effort.
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Contour map of standard 71its~tl~lt -)

produced by a CDC 3600 Computer us.1r' C.wLfi Xta ( rpor Iion's

gridding/contouring program~ witn a coarse -,ri,4 , and output on anl ink-on-

paper CalComp plotter (outtirw of c ontinient aGcded mmiiill1v.



3. Output Analysis

3.2.5.4 Combination-type Maps The basic types of maps we have desribed

can be combinea to increase understanding of the data. Figures 3-30 through

3-34 show schematically various comoinations of dot-, shading-, and contour-

type symbols. Figures 3-30 and 3-31 illustrate combination-tyoe maps of

particular environmental factors, The standard set of (schistosomiasis)

data mapped by the MOD team, using various methods, is shown in Figure 3-33

as a manually-produced map on which a combination of dot-, shading-, and

contour-type symbols is used. These data appear again in Figure 3-34 as a

computer-produced map utilizing dot- and contour-type techniques.

3.2.6 POSITION, SCALE AND PROJECTION

One of the most important tasks in preparing data for mapping is to

determine the best representation of the location (on a LO, LA coordinate

basis) for each bit of datum to be mapped. this is because disease factors

cannot be measured in the same way as points for a topographic map. In

topograph), a point location has a single exact value which is directly

measurable, and related only to that one location (e.g., 2,38 feet above

sea level). Disease infectioc rate, on the other hand, must be .

foi- an area by summing the total number oi Animals (including human being!./,

in the area and dividing this b,; the Tumber of infected animals 'f the

same species or group) in the Rrea. The v.ue thus d--rivw v is ab. lutre only

w.ith reference to the area boundaries, and would ,change if area boundaries

changed (even though the sa>ue point location night be used for the data

locat ion il each case). DifficultieS oftei occur when data trom _1fffcrent

size areas are combined on one -nap. The larger the area cotnidered, the

less variation would show on t:ie map. Uo carry this -o av extreme, th e

area covered by the whole map could he represnted v one pont. T his

ditf-lcult often occurs Ii relation t. :.,litIcaly jefined region.so it

averaged data fer one country were used to represenlt thr area, al *'er

data points on tne same -map should also be grouped tv co,.untrv: data from

unique villages or rural areas would be ustrul i. -maki:ng o:her maps. b,
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POPULATION

2,A)

u-,

from Goode's World Atlas, 12th ed.. L964
Copyright by Rand McNally & Co., R.L. 68 S 86;
used with permission.

Figure 3-30 Publised map combining contour-type (the lines separating

differently colored rjgions) and shading-type (the colors between the

contours reproduced here as different shades of gray) symbols showing

population data.
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a,,,onourtyp (,,the boundan.ie. bewe adjcen white an lckbns

symbols to3 Motacineoipuer-rain combinautiutonypee-p:iA(uper)

(Harbaugh, 1964, p. 56; courtesy of State G0eological. Survey of Kansas);

and B (lower), utilizing contour-type and dot-type symbols to portray

hy' ,cographic data, output on a CalComp plotter (courtesy of California

Cowputer Products, Inc.)
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|7

infection rate (W) of 5chistosc-

miasis (mrxso,) in human be.ngs;

data grotcpa by pi'ovinces,

Contour interval 10%

(0, 10, and 20% contours shown)

Figure 3-3.~ The standard MOD set of schistosomiasis data (Fig. 3-1)

presented as a manually drawn map utilizing dot-, shading-, and contour-

mapping Lechniques.

3 59



,VAPPINO OF DISEASE

-ti

22D
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-so- 50--

I..

1ii

Fiure 3-.34 The standard set of South Am-r,.n 4 c scoissdt

(Fig. 3-!. , presented as a combined dot-type (the X's) anld contour-type

map, drawU by a CDC 3600 computer utilizing an offline 'nk-on-paper

CalComp plotter and the Control Data Corporation's gridding/contouring

program with a fine *'id (outline of continent added manually),.-
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3. Out'put Analyzsis

should not be used in combination with country grouoing. When data are

grouped in an artificial manner such as this, the user must be aware of

thoir limitations. Disease is no respector of political ooundaries, and

disease data that are grouped (and mapped) by country or province (often a

technical necessity) may be quite misleading. For example, knowing that a

county has a 25% overall infection rate of a specific disease would not

indicate that a particular village within that county had an 80% infection

rate whereas the surrounding rural area- had an infection rate of less than

1%. The illustrations on Lhe following two (insert) pages, 3 - 61A and

3 - 61B~emphasize some of these limitations.

Despite the limitations wve have mentioned, data must often be grouped

and reiazed Lj arpi 'arger than desired, and we must do the best we can

witrh tc n. ) of the aoy possible methods of handling such a problem

would be to locate the grouped data at a "center 3f gravity" based upon

population distribution. Ideally the MOD system would use regularly shaped

areas, preferably square, forming a grid, as a basis for map production --

and the grid squares would be adjusted (in size) as necessary to reflect a

reasonably uniform disease-environmental situatior All data within a

given square could be combined at the center by calculating an inverse

distance function for each datum value. Squares with no data could, if

desired, be exempted from further consideration in mappirg. Unfortunately,

this concept is not universally accepted because, in non--computerized map-

ping, gridding data points is considered to be unnecessary (as we discussed

in 3.2.5.1 in relation to dot-type maps).

Map scale and map projection warrant considerition before we describe

the actual construction of disease maps. Maalcqle i., Eapressed in tnree

ways: verbally (e.g., one inch equals 40 miles), graphically, by a scale

which is drawn on t'e map -- a line divided into units which represent actual

distances on the map, and fractionally, where the scale is indicated by a

ratio, e.g., 1/25,000. Map scale is determined by the area to be mapped

and the desired dimensions of the map. These determinations are, in turn,

3-6i
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An illustration of the misleading information that cer come when,

disease data is expressed in relation to .political (unit) areas,

without consideration of actual (mathematical) areas.
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prcfi le

An illustration of how one might form a false 4'pression from

disease data reported by political areas. In this example
the disease is altitude dependent, and its distribution re-

lated to a mountain, not to the artificial boundarles of
Provinces A, or B, or C, or D. Although we have not shown it

here, this altitude relationship would be immediately apparent

upon overlaying the (transparent) disease map on a base topo-

graphic me,.

Obviously, disease prevalence or incidence data, when presented in

dot-type or contour map forL -- as shown in figures A, B, and C -- would

not oe subject to the type of misinterpretation that could arise if the

data were reported simply as f gures, related to political areas.

3- 61B
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3. Outp,4t Analysi3

180 160 14 G 120 100 80 60 40 20

201

601- _ _

FigL4mj3-5 The Western Hemisphere mapped on map projections found to

be most useful to the MOD system: A, equirectangular projection, B,

Goode's homolosine '~rojection, C, Miller cylindrical projection, D,

Mercator orojection, E, cylindrical equal-area projection. Note that in

E, diet-tiofl is minimal in the tropical zone.

from~ Ylemente o1 Cartog'kphy, 2,n e. by Rob inson., .4 H, , 1960,
published by John Wley and Sons, Inc., New iork and
reproduced with permnission.
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influenced by whether or not the dimensions of the deired map exceeC ',e

limitations of paper size arA how many points will probably te used. For

example, if the data were recorded only to the nearest ten miles, a large

scale (small area) map could contain very large errors. As the Zie o

the area covered on a map beccaes smaller, the scale increases and "',so

lution" incredses; : onverselv, the larger the area covered, the smaler

the scale,and "resolution" decreases. These are, obviously, very pract4

considerations. For example, i't would contrib!,te very li-te to use "small

area) local dati on a ma of L.e world unless it were fiist combined wib

data in adjacent arcas.

Map projection also poses seve al pr )lems. No one map proJectlon

is best for all purposes. Each typ o p! JeLotion shows (1ertin Character-

istics of the earth better than do othe7- ro ections, anu each projection

distorts some characteristics of the earth'. surface. Disto!tic-ns of size

and of shape are two major kinds of effect. Since MOD users will probably

be comparing distribution patterns, the best projection (crdinarflv) is

one that minimizes distortion of areas and shapes (with less conc,,,ri, f-r

linear distances, angles, and directions).

Using these criteria, the homolosine projection (Fig. 3-35B) is

probably the most suitable one for maps of the world as a whole. ti,, ver,

two other projections should be considered; the Mercator projectl n (Jig.

3-35D) and the similar-appearing Miller cylindrical projection (Fig.3-35C).

Even though both distort area and shape rather markedlT, they are widely

used and, thus, familiar projections, furthermore, much data are already

available, mapped according to these projections. liae MOD computer-

produced maps in this report were all produced at var;i'g scales, but wi[h

no manipulations of LO, LA (i.e., LO - X and LA - Y), anu cin be considert-d

as examples of equirectangular projections, see Fig. 3-35A'. The choice

of a suitable projection for areas smaller than a continent does not pre--

sent as great a problem as it does for the world as a whole si :ce all

projections tend toward the equirectangular, as a limit, as the region

mapped becomes smail,-r.

3 - 64
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The cylindrical equal-area proje-tion seems a good general compromise

for a standard MOD projection. It is the only equal arec. p -ojection with a

rectangular grid (see Fig. 3-35E). While it looks unusual when standard

parallels Just under 30 are chosen, it provides the least mean detormation

of any equal-area world projection (Robinson, 1960, p. 75).

3.2,7 MAP CONSTRUCTION

We have considered in some detail the characteristics of maps and

the methods of mapping. As we have illustrated, discase data, once col-

lecte. and structured, can be mapped by conventional (manual) methods,

ising these same standard cartographic techniques. Let us now consider

the methods by which computers produce maps.

There are no new cartographic principles ii.volved in the production

of m.,- by computer, and we are still limited to three basically different

way.s, oi reprc7enting the data; using dot-type (i.e., data-point) symbols,

or shadi., --tyie symbols, or contour-type symbols. These three types of

symbols ca be Inserted on a map by computer, using several different out-

put devices (and these devices are described in 6.1.1):

9 By high-speed (line-.) printers,

* By ink-on-paper automatic plotters,

* By cathode-ray-tube (CRT) devices, displayed
directly for viewing and/or recorded on film.

The ways Jhat data symbols are mechanically !i-.serted is mainly a

techn4 cal probleL:; not so the construction of data points and the deter,-

_lination ot how mi:iv and where te place them. Because diseasc-environmental

data are kqualitati,:Lly) quite different from the type of data whi{ch 1'ave

)Len cu p._ter mapped, and because of (quantitative) limitatlors in the

nam 'er o isease-environmental data points avallabl, ia many instances,

i.e., the'r spazsity, it was necessary for us to carry out uwnv nreltmin.irv

txercises .- omt. m-atiually, some with the aid of omputers -- to get a

cl-ar understanding 4 the pioblems.
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Dot-t-pe (data-point) mappinig techniqucs were found to be directly

applicable to computerization; forthermore, we found the': these techniques

can often be more easily and accurately performed by a co.Cputer than by a

person.

Shadin--type napping techniques cannot be carried out by a _omput:2r

unless the boundaries of the shaded area are completely defined, or unless

the entire earth's surface is divided into grid boxes and each box ideriti-

fied. Figure 3-12B shows a successful attempt at shading in connectio-4

witi the identification of areas by their skeletons. This me~hod kPfaltz

and Rosenfeld, 1967) employs a grid, but it is not required that all grid

points be identified, thus computer storage space requirements are mini-

Figure 3-36 illustrates -I technique w,"izh, though performed ma- !ally

by the study tea-, could be computeri7-d. An alternate mothod to that

used in producing the mak of Figure 3-12B is also demonstrated for compari-

s,-n -- one chat utilizes larger grids to reduce further the computer

stor-gp space requirement. Figure 3-36A hows the geographic plitical unit

boundaries and the data values grouped by province (data taken from Fig.

3-1). Figure 3-363 simulates a computer/plotter produced shaded map of

these data. This techiique uses shading pat-rns that can be represeled

entirely within a single grid box, of such a uature chat when grid 'oxes

are combined, the resulting pat.tern is smooth and uniform. These shading

patterns c.',n o: lines, or dots, etc. (see Figs. 3-37A throLgh E' Lombined

to form the overai1. patterns, as shown in Fgurea 3-37i through I. An

alteriiative technique could be employed directly by a computer and line-

printer t,- pr6duce a sort of shaded map, the character positions of the

printer would represent a rectangular gild (w:i .'i , exes ii8 Inch by 120

inch),and the actual print characters would represent the shading symbols.

Figure 3-3bC demonstrates a simulation :.-f this technique, us-ing the same

data. We wrote A simple computer program to demonstrate more effectively

this method (illustrated in Fig. 3-36C), using the standard (schis'osomIasis)

3 - 0
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9 1. 67 6

----- m  ---.. ......
.... .... ...

___~r. :, Sakud. rd (Venezuelan) schistosomiasis data (Fig. 3-1),

provincial boundaries overlaid with a 1/2 0 X 1/20 gktid; B, shaded to simu-

la.te computer/plotter output, based upon 1/2 0 grid; C, shaded to siulate

computer/line-printer output, based upon 1/2 0 grid; D, shaded to simulate

SYLAAP program (Fisher Lt al. 1967). B, C, and D pregent the same data

showni in A.
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A B C D E

F G H

iI

Squ rle o-S? bnaalng patterns contained wi",in single grid box; A-E,
single grid boxes containing simple characters to be printed or plotted

within the grid buxes; F%1, single grid boxes containing characters formed

by overprinting two or more of the simple characters in A-E; I, uniformly

shaded area in which the simple characters in each grid box would combine

to give the impression of diagonal rulings.
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data set. Li, resvIts are presented in Figures 3-15 and 3-38. Since the

data we-e entered on an (.quirectangular grid, the retsultig map is s .le-

what unconventionil -- an elongated rectangular projection - ut a useful
result, nevertheless. Additional (schistosomiasi data were ot.imtd from

le medical literature to extend our preliminary exer :ises, inc.Liding con-

sideration of a new geographic area. Approximately 75) data points were

plotted on an existipg base map of Africa, These data represented reports

from a combination of cities, provinces, and regions derived from informa-

tion preseated by Malek in May, 1961. Due to the limit ations of such Jata

(related t- grouping), the maps that we have constructed do not present

disease situations exactly. As we have emphasized before, our primary

objective with these various limited disease-environmental data has been

to explore techniques of manipulating data to produce mpapable information.

The geographic location chosen for each of the points was interpolated

manually as each value was placed on the nap. Then these data were Qianu-.

ally contoured by members of t,,. MOD study team, The results are shown

as Cigure 3-39. Figure 3-39A was contoured using conventional cartographic

teenniques; Figure 3-39B was contoured essentially the same way, except

for using a computer-like method of interpolation. %Ithough there is con-

siderable difference in overall appearance (note the smoother flowing

lines in Fig. 3-39A), the aaps show definite similariLies in the areas

wh,-re data points are densest. Wheice data points are close together and

relatively uniformly c'stributed over a broad region, contour mspp-ng is

comparatively . . . nd H- ltOinp contoo" - 4

serious error. however, where data points are few and far between, prob-

lems arise kas Illustrated in 3-39B) because it must be assumed Lhat the

data pattern being mapped represents a smooth, homogeneous statistical

surface. Obviously, this is not necessarily a valid assumption.* Some

*The situation is improved if one has a general idea of the nature of the

region being mapped. For example; given spaced elevation point-readings
in a particular area, one would use quite a different approach to inter-
polating if he knew that he were dealing with midtown Manhattan as

compared with Kentucky hill. country.
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Figure 3-38 Shading-type map, prodULed on a line-printer by an IBM 7090,

presenting standard set of South American schistosomiasis bata (Fig. 3-1)

plus oceanic poits;thi map demonstrates one method of a~justing computer

output (by adding numerous zero-valued data points) to allow for natural

features such as large bodies of water.
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rule mu2t be - rmulated to prevent contouring among data F, ints so widely

separated that linear interpolation becomes highly suspect. "T- "'Zerna-

tives to linear interpolation are quadratic, cubic. or higher-degree inter-

polation. Unfortunately, such methods, in addition to being more complex,

usually renuire more points than do linear methods.

The only realistic solution to the problems posed by very sparse

data points is to get additional 7xal data. Any system. computer or other-

wise, which givet credence to basically unreliable data does a great dis-

service, and we have made every effort in designing the MOD system co see

that this will not happen. (For example, the MOD system incorporates a

professional evaluation of the data, a CEN ((Computer Evaluation Number)),

a means of identifying data in conflict, a NAR ((Narrative Output)) to

supplement -- and point out limitations of -- the napped data, etc.)

For production of ccntour-type maps. the manual algorithm described

earlier (see Figs.3-17 through 3-23) might be imp tnted on 1 computcr.

It th'- were achieved, the method would be at leas. . good as any program

now existing. (This type of method 'as not yet been attempted so far as

we know.) Existing methods of computer contouring almost always employ a

grid (rectangular, triangular, hexagonal, etc.) for some aspect of the

process of contour mapping. As a rule, a rectangular grid (usually square)

P. employed since this pcrmits easy storage of data i- an array. Even

-- .. ch compute the surface statistically resort to gridding in ortler

to display the results in map form. As in the production of shading-type

maps, both the computer/plotter, and computer/line-printer configurations

could prcduce feasible results.

Once the necessity cf gridding data ! 'ame apparent, .,ae project

t. u tried several ways of gridding, including circuiar, triang!.''ar and

rectangular. one of our early experiments utilized the three-point-plane

method suggested by Tobler (1964). Simply stated, it uses only le three

closest data points surrounding a grid point, and fits a plane through
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them. Thus the grid point lies on this plane and its value may be com-

puted. I, e n:thod, as it applies to our system, is as follows:

(1) Compute the distance from the grid point to
all observed points (which are assumed to be
randomly distributed).

(2) Out of all these points, find the nearest
three which surround the grid point in

question.

(3) Fit a plane, Z - AX + BY + C, through the
three points by solving the system of

simultaneous linear equations necessary to
fit a plane through points whose X. Y, and Z

coordinates are known.

.4) Calculate the estimated value at th.c desired
grid point by inserting its coordinates

into the equation.

(5) Continue to the next grid point in the row;

stop when all rows have been examined.

This method waE performed manually to produce the map shown in Figure 3-40.

Here, again, the slandarc set of (schistosomiasis) data were used to pro-

duce a contour-type map. All manipulations were carried out visually

rather than calculated, but the concept can be demonstrated even by this

rough approximation. A 10 grid was used for comparizon with other methods.

An imporuant point is that choice of grid size has a marked influence

wp', . ', - w., 'fie coarser the grid, the more the

map .ill indicate general trends; the finer the grid, the greater its de-

tail. This is demonstrated in Figure 3-41, which use th9 standard set of

test data and a three-point-plane method of contouring, done manually.

Note that if data points do not coin de with grid points initially, the

net effect of gridding is to smooth out the data. See Figure 3-41 on the

next pagc.

To evaluate existing computei contouring systems, the standard

(scLIstosonlasis) data .et was submitted to various existing compuZer con-

touring programs.
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Fi{._ur. 3-40 The standard et of South ,Aerican chi~t somasi data

(Fig. 3-), ,-pped vxually by & three-po ,nt-plante metho~d utilizing a

1° grid.
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5 151 20 10
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3-4L T,,. standard set of (Vcnezuelan)

>-histosomiasis data (Fig. 3-i), illustrating

effects of a coarse (A) versus a fine (B) grid

during conteul-ng operations.

The Control Data Corporation (CDC) offers at its data centers the Tost

sophisticated contourin, system generally available. Sufficient control data

poirts must be present 1- oi ier to calculate grid or ruavsh po/nts on a re.-

tangular grid. In addition, the k.rjlnal data must be randomly s xace:i, fhus

accuracy is impioved by adding poiits in areas o f sparse distribution. 1h

CDC program system po-lorms essentially three tasks. The first task .s to

add points to the data to imp.rove the accuracy of the co4,pu.ation performed

in the second operation. Assuming the relationship betw',in two adj4acent

points is lincir, a linear interpolation is made to add points at levels

w ich do not exist in tne original data. An array is produced .t the ed of

this otleration, and is sorted and prepared for gridding.

The second task is to calculate grid or mesh point values fo, a rec-

tangular grid. Grid point values are determined by finding the nearest

known 3ata points which surround a grid point and -hen calculating the jriJ

3 - 76



3. Output Anaiais

point value by an inver. distance function. Grid point values are computed

only when data points surround an area, otherwise a "do not contour" value

is attached to t'e grid point.

The third 'ask is to contour automatically the three-dimensional data

thus gridded. This data is expressed in X-Y coordinates with a Z va],, for

contouring. The control values are stored within a matrix through which the

program traces, interpolating to find the points through which the contour

lines pass. The contouring is performed in strips of two adjacent rows of

the matrix. Contouring is not performed where "do not contour" is indicated.

The results of two parabolic interpolations are traced to compute the path

of each contour line. As positions are calculated, plotter commands are

stored in an internal array and ojtput onto a plotter drive tape each time

the array Ls filled. Optionally, the location of the data points, values,

aid grid lines may be plotted.

Our standard set of data wa; contoured by CDC, utilizing a variety of

parameters. Figure 3-42 shows Cle data contoured using a 10 grid, for pur-

poses of comparison with other 71aps (also because this was the level of

accuracy to which the original data was given). Figure 3-43 shows the data

contoured utilizing a much coarser grid -- approximately 20. Here, only

trends show. The map shown in Figure 3-42 presents some rather surprising

results, and, as it stands, does not give an adequate picture of the dis--

ease situation (as compared with Figure 3-28, drawn manually from the same

data by an exper.ieuced cartographer). The reason seems to lie in the manner

in which the ;ystem manufactures "fill-in" data points. It can be seen that

a relationship exists between each zoro-value point and each positive-value

point. Venezuela positive-data were combined with zero-value data through

Colombia, Peru, Bolivia, and western Brazil to create a false impression.

A similar false impression is given in the Colombia-Brazil border area.

Another set of data was also used in investigating the CDC program. These

dealt with rabies in the eastern United States and were produced from

information supplied to us by the National Communicable Disease Center.
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Figue 3-43 The stankiard set of schistosomiasis data (Fig. 3-1) con-

toured by a Control Data Corporation program utilizing a 2 0 grid (conti-

nent. outline added manually).
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Figure 3-44 shows these data in the form of a map produced with the CDC

program. Unfortunately, the MOD project was brought to a close before the

implications of th- experimental result could be explored.

ThE University of Michigan Geography Department (Tobler, 1967) has a

line-Drinter centouring program which haq been used successfully by them

under a variety of circurmstances, including situations -with both lar8o nd

small numbers of data points. This program utilizes a square grid for con-

touring. A simple smoothing technique, called the mooirg aveyoae, is ap-

plied to the data to make trends more apparent. The selection of grid size

is determinedi iutematically by the computer, which results in a coarse grid

when there are few points and a fine grid when poinLs are numerous -- based

on the overall area and the total number of points. The grid size selected

also determines the overall rectangle to be contoured (which can be some-

what larger than the original. area). Grid point values are determined by

one of two ways: (I), if the data point is less than an arbitrary distance

away from the nearest grid point, !ts valne is used for the grid point or

(2), if the data point is not sufficiently close to the grid point, it is

determined by a weightea average between the closest point and the six

closest points (the closest point is included in the "six closest points").

Our standard set of test data was contoured by their program, and the

result interpreted to produce the map shown in Figure 3-45. Fi, ure 3-46

shows the computer-generated output map. This map shows the effect of a

large grid (i.e., it preLeuts trends only); the grid size, approximately

-0
8 , was selected automatically on the basis of total number of points and

the area covered.

Most of the existing computer programs for mapping are designed to

use a large number of data points. Wl n only a small number of points is

availa!dc, trends may be the only meaningful result which can be obtained.

In cases of this sort, mathematical techniques can sometimes be applied to

all the data points together, and will give a better indication of trends
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3. Output Analysis

Figure 3-44 Unpublished rabies data from National Communicable Disease

Center; A, contoured by a Control Data Corporation system (equirectangular

projection); B, contoured manually (Albers equal-area projection) --

courtesy of V.T.Garofalo. As was the case with the schistosomiasis maps,

the computer-drawn ai ind:tcatef only broad trends in the data and is not

precisely similar to the mwiually drawn map.
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Figure 3-44B
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.f i._';i k- The b LdiuSA °,. Uf South American schistosomiasis uata

(Fig. 3-I) machine-mapped uaing U Civersity of Michigan contouring program.

Contours in this figure were m~auaill traced from the o,. put shown in

figure 3-46, on next page,
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FigUre 3-46 The computer (IBM 7094)/line-printer p~roduced map from

which were taken the contour lines shown in Figure }45.
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than standard mapping techniques. Such three dimensional data can often be

summarized and interpreted by reduction to a simple geometric shape. A

geometric surface an be fitted to the data by an extension of the least-

squares curve-fitting procedure used in curvilinear correlation and regres-

sion analysis. The resulting fitted surface is an approximation or "trend"

of the data. A sixth-degree trend surface requires a minimum of 28 data

points (28 points would give an exact fit since residuals would be zero),

and we explored this approach.

A 'rimputer program developed at thc -Liv-rs.ty of Ka.-,uas (G'Larv,

Lippert, and Spitz, 1966) for use in geological applications, was used to

calculate a sixth-degree polynomial surface for the standard set of (schisto-

somiasis) data utilized in these fuap studies. The program was also used to

contour the results on a line-printer. this program s ytem first calculates

a coefficient matrix and column vector, then solves the matrices, ordering

Lefore each elimination. It then calculates and prints trend surface Z

values (for degree one through degree six), residuals, error measur-s, and

equations of surfaces. Next, the trend surfaces requested are calculated

and printea as a contour map using ..ternating bands of symbols and blanks

to identify contour lines and the regions between these lines. If desired,

Z values (Fig. 3-10) and tesiduals are plotted as a dot type !iap on the

printer. Figure 3-47 shows the interpreted ccmputer output in a form simi-

lar to the other results, and Figure _-48 shows th computt'r generated out-

put map.

This method should normally produce acceptable trends, but, in this

example (Fig. 3-47), it fails in the Peru-C1olombia-western Brazil area, pre-

sumably due to the lack of control pointi in that area. On this set of

tt t data the University of Michigan program gave a somewhat better result

than the sixth-degree polynomial method. In general, the weighted moving

average gives results comparable with those obtained by the fitting of local

polynomials, and the result is computation liv much simpler. (A differ,,.-

polynomial fitted to these data points would have given a diiferent, though

not necessarily more acceptable, trend surface.)
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Figure 3-48 Computer (IBM 7090)/line-printer produced map from which

contour lines of Figure 3-47 were drawn.
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Other mechods have been studied to a limiteu ;xtent, t"t, in general,

have not been found to be applicable. For example, a double-Fourier series

program exists, but requires more points for accuracy than will usually be

available; vector and factor aralyses are, as a rule, not suitable.

Throughout these experiments several techniques were evaluated, test-

ing alternate methods,etc., seeking ways to improve output. For example, we

tried using the same value foi each grid point falling within a single po-

litical unit. Compare the base map shown in Figure 3-36A with Figure 3-49;

figure 3-49A shows the result if the data vaiue for each province are entered

at each grid point within the province before contouring. Figure 3-49B is a

map based on the same data, but this time the data points were iocated at

the cepter of each province. In general, spreading out the data is more use-

ful for shading, whereas averaging the "center point" data Is more useful for

contouring. Both methods could probably be applied to noth types of mapping,

within certain limits. For example, when the dpta are spread out over a

grid, they appeac to be more suitable for shading as the grid is made

smaller -- and aore acceptable for contouring as either the grid or the con-

tour interval is made larger. Figure 3-49A w'ould be improved if either a

coarser grid or a larger contcur interval were used. Alternatively, center-

point data are better for contouriag when the points are fairly randomly

spread over the area to 1,e conteured -- and better for shading when the

area boundaries are not kn,: .n, Figure 3-49B does not have an adequate num-

ber of oiolnts in the lower half (ba,-ed on tle grid size used), and tht con-

tour lines wander accordingiv. When lhe extent of an area described by a

data point is unknown, the data value could be carried half-way o thtc -kd-

jacent data point for shading (as shown by Fig. 3-36D). This method is

described by Harv..r6 i'niversity in their SYMAP system (Fisher et -al, 1,t7).

When area boundaries are known, it it pceferable to spread oot the

data over o grid for shading by computer because the resulting shaded map

is reduced to a dot-tyyv rap with a very large number of dot positions, and

each dot position can be filled with the appri.priate tvmbecL. In Figure 3-3 1,
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Figure 3-4d The standard set of (Venezuelan) schistosomiasis data

(Fig. 3-1) contour mapped (compare with Fig. 3-36A): A, with data for

each province spread out over a 1/2° grid; 1, A1h data for each province

grouped at its (arril) center.
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.-. A line-printer-- ir",i maP shcirig kby rlmbers) the kn,,wn

data points oi Figure 3-18, and kby i'zS) 7The unknown 3~grI1 points in

between.
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the simulated shading would have been done by a plotter, a line -n one box

connecting with another line in the next box (actually, the entire line

would be drawn in one stroke, as the computer would test for the end).

Since data are gridded for contouring, and the grid size determines

the form of the output, we considered techniques for varying grid size on

the same map, but with little success. As an alternative, we produced sepa-

rate maps (with different grid sizes) for various parts of the overall area

and joined these manually. (Varying L grid sizes requires manual adjust-

ment to line up the contours when the maps are fit together.) Lack of time

prevented further investigation of variable gridiing techniques, and several

ideas remain to be explored. For example, a grid file could be set up to

inciude different-sized grids in di2erent regions, based on meical workers'

empirical recommendations, alternatively, grid size could be varied, depend-

ing on the number of data points and their average spacing.

In another experiment known data poincs were represented by appropriate

symbols and all the unknown grid points wer- also represented. The resulting

map (Fig. 3-50) is very diffi-ult to understand althoug' it is derived from

exactly the same simple data as depicted in Figure 3-18. From this it appears

that, as a rule, unknown points should not be iadicated, as such -- and this

coicl, sion is in line with standard cartographic procedure.

Information as to unknown data points can be implied by presenting dot-

type symbols on a shaded or contour map. From the dot-Lype symbols it will

be quite evident where known data were used and where interpolated values

1re added. With chis information, the knowledgeable user can challenge

questionable areas (and, -erhaps, set about obtaining data for these areas).

In another experiment we compared the results of a general or trend

map (Fig.. 3-28, 3-40, 3-43, 3-45, and 3-47) with a more detailed map (Fig.

3-51). The data use;d in the previous studies were plotted as accurately

as possible wi, ,out 6rouping and averaging it by province. These data were

' - 90
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MAPPING OF DIEASE

then gridded and contoured manually. Needless to say, trends are not as

clearly distinguishable on this overall map (Fig. 3-51A). But if we iook

at Figure 3-51B, which is an enlargement of one section of 3-51A, it appears

that this technique of grouping data may be more useful in small-area

studies. MOD experimental maps produced in this manner compare surprisingly

well with published maps prasenting comparable information (Fig. 3-52).

One factor that pertains to contouring and which places ')me limita-

tions on ti output is that data extremes and data planes cannot be con-

toured. Note the zero contour line in Figure 3-42 for example. The com-

puter assumes this line is ever-present anywhere in an area of zero data

values, and is quite unsuccessful in contouring it. This is because zero

is the lowest value on the map end, in order to contour, it is necessary

to have values both lower and higher than the contour line to be drawn. It

might not be apparent, but a plane composed of several values which should

fall on a contour line, likewise, cannot be reconciled by a computer. This

is exemplified by Figure 3-53, which represents a section of a map produced

from the standard MOD test data by the Naval Oceanographic Office (Osborn,

1967). The grid size used was about 1 1/20, and is quite apparent on the

map. The 1% contour line, labelled 101% on the map, appears as a plane

(identified by the arrow) on which the computer traces between all grid

points.

A common solution could be applied to both these problems. Before

contouring, all grid point values could be offset ..... _ identical

minute amount to insure that no value falls on a contour line. This would

make all values slightly lower than reported, and would thereby permit con-

struction of the zero contour and all other contours, as any planes would

fall between contour lines.

As a final study of gridding, see Figure 3-54, where we have repro-

duced figures from a gridding study performed by the University of Kinsas

(Preston & harbaugh, 1965); Figure 3-54A shows a very detailed topographic
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3. Output Analys:
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F iq'ra-e .3-53 The standard set of schistosomiasis test data (Fig. 3-i)

for eastern Brazil contour-mapped by the Naval Oceanographic Office pro-

gram. The arrow points to an area in which (because contoured surface is

a flat, horizontal plane with a valuc of 1% infection rate) the ccmputor

traced between all grid points of equal value.
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map. Data values were taken from this map at regular intervals (which

represents the construction of the grid) and recontoured manually (Fig.

3-54B) to show the best representation possibi" from this size grid. Note

that the resulting gridded map compares favorably (but not perfectly) with

the or, inal topographic map. it would be interesting and valuable (and

ultimately necessary) to take a map of a single envir-nmental factor, digit-

ize it (by gridding), and reconstruct the map using the MOD system -- and

this will be one of the crucial tests to judge whether or not the com-

puterized mapping system is ready for use.

In this consideration of map construction, we have concentrated on

problems involving data points -- dat grouping and interpolation between

o"real" data (groups), particularly in connection with computer program/plot-

ter operations -- and this emphasis was appropriate. We should not conclude

our discussion, however, without at least a brief consideration of accuracy

requirt..ents 4n computer/plotter operations. In a rccent presentation

(1967), M.A. RiL:-rdson and J.S. Rollett discussed this problem (and other

important ones, e.g., quantities of point and line information required for

an effective data bank, etc.). They described some of the critical situa-

tions (relating to accuracy), including several of particular interest to

our contouring activities:

" Crossing of lines intended to run closely side by side.

" Kinks on lines and failure of loops to close.

" Failure to p.L-e a point symbol symmetrically on a line.

it was their conclusion that "... tie machines used should be such

that not more than 1% of errors will lead to mismatches of features which

exceed 0.006", and ... this implies an accuracy of positioning a given fea-

ture of plus or minus 0.003"." It should be noted that these statements

related to "a computer compatible system for automatic cartography" capable

of producing complete (conventional-type) high quality maps. Furthermore,

their concern was not so much in whether or not the michine produced visible

- 90)
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Figure 3-54 A, Topographic (contour) map of the northern part of the

Lone Star Quadrangle, Kansas, showing an area 4.5 x 2.25 miles; -B (left),

data point values taken from A (right) at intervals of about 0.1 mile

according to a rectangular grid pattern, printed out on line-printer and

re-contoured manually for comparison with A, the original map. Although

much detail is lost by gridding data, the broaditrends are still quite

evident -- Preston & Harbaugh, 1965, p. 64-65; courtesy of State Geological

Survey of Kansas.
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defects, but, rather, 1n how often these were likely to occur and how much

(human cartographer) effort would be required to put things right. 'Ineir

requirement of + 0.003" accuracy was chosen because it is within the limits

of an economic load of hand corrections.

The MOD system, of course, has a different objective; it is concerned

with production of maps which, as a rule, will present limited kinds of

data on one sheet to be used in conjunction with base maps. As we have dis-

cussed before, the medical-environmnital data are of more abstract nature

than roads, mountain peaks, ponds, terricorial boundaries, etc., and their

positions must be calculated. Since, at best, these calculations represent

(close) approximations, the degree of accuracy necessary in MOD system maps

is not nearly so great as that required by Richardson and Rollett. .though

we have not explored accuracy requirements in depth, it is our opinion that

several plotters, currentl, available, will satisfy requirements for the

MOD system -- at least for the present. The weakest link in the long chain

which contributes to inaccuracies is the link that represents the raw data.

Next in order of importance is the link which represents the method of

interpolaticn between real data-points.

3.3 BLOCK DIAGRAMS

Block diagrams are an offshoot of maps in that they attempt to give a

perspective v~ew of the forum of th, land or of a statistical surface by

presenting it obliquely; recall t:.at, upon viewing a map, the orientatic

is perpendicular to the mapped surface. The term "block diagram" is weli-

established in the geologic and ,eographic literature; "perspective drawing"

is also used (but often with a b:oader meaning). Block diagrams are often

called three-dimensional maps, but the only true three-dimensional maps are

"relief maps". Histograms may ilso be 'repared in perspective, attempting

to depict three dimensions. These are essentially block diagrams of a three-

dimensional step-function (which could also be represented by ih~ding-type

maps, with the data based on area boundaries).

. ...- ...A



Figures 3-55 and 3-56 show block diagrams produced to display non-

distoas data. 'The standard set of test (schistosomiasis) data (Fig. 3-I),

used by the MOD project to produce various Lypes of maps, is also shown

here a . block diagrams, first, as drawii manually (Fig. 3-57), then, as

drawn by a computer/plot.r at the Univerity of Michigan (Fig. 3-58).

The prcgzram which produced this last-mentioned -block diagram (Fig.

3-58) I's the only such program that was investigated in the time available

to us. i rocessing of the data for the U lock aiagrams was done by an IBM

* 7094 computer aL the University of Michigan; plotting of the diagraL.cs was

performed by an off-line CalComp plotter. 'This program successfully repre-

sented the standard set of schittosomtasis data in a vivid block-diagram

format; however, further ir ,estigation v ill be necessary to test aduquately

these tec hnicues.

3.4 GRAPHS

We have touched upon the usefulness of graphs, in- general, and their

Posc ill.<I application to the MOD system (3.1.2). Let us now explore a little

6eoper trie idea expressed there of a "family of curves", each curve con-

siuering three major dsaenvr mntlfactors -- two Of these variable,

* the third held at a part iculair (fixed) level.. An approach of t'his sor z

*could be Of t gat value to) the research epidemiologist or others interested

it- explorinig precise relat tonbships among various causal factors of a

partic-ular d iseaise. The pr inrcipal deter rent to this a.pproach is the '"depth'"

and extenit kgeo ,rdphicaliv) of the data chat are required. Among other

tns, it appear that these, restrictions would almost require ,'iat the

area under conide'rat i be a relativelyv small one. W e consider the o fo -

t ion and ptz llUsefulness Of the MethodK. The two virlah les cons idered

in the graph are: (l) prev-lence of numan leptospirosis, and U2) salinity

of surface water; the fixed factor is !he pH of surface water.
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BLOCK DIAGPAM

DEVILS LAV i

Pi~ur' .36~ Published, manually drawn block diagram portraying the

form of the land's surface near Madison, Wisconsin.

from Elements of Cartography, 2nd edt, by Robinson, A. fl., 1.960,
published by John Wiley and Sons, Inc., New York and
reproduced with permission.

Fi 4re 3-66 Published block diagram showing distribution of human

population in the United States in 1960; diagram produced by an IBM 7094

using an offline ink-on-paper CalComp plotter, at the University of

Michigan Department of Geography.
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Fijj re Z-4e A block diagram, presenting the standard set of 'Qchisto-

somiasis test date (Fig. 3-1), produced by an IBM 7094 using an off-line
plotter, with the University of Michigan's Department of Geography block-

diagram progran- 'continent outline added manually).
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We have chosen 100 square miles as a reasonable geographic area to co:r-

sider in this hypothetical situation, and have (theoretic.illy) reliable

data available frum, mest of the area. In 18 of the -quzre miles, becaus..:

of inadequate iiuman or rat populatfo.s. or insignificant surface water,

etc., appropriate data could not be collected. Here is the result:

50 Areas sampled had conpc.-

45 rl,4 rat popu Zaticrs

0
40

CU 35 PH 7

C 3
6i 25

20o

15

°O L V - V- - ... l F
0 r~

Saeiuity of Surface Water (mg/i1ter)

The family of curveo shown abcve reprssents a hypothetical situation

since the data were hypothetical, and this tiieoretical exercise was simply

to illustrate the potential usefulness of a method. If the graph had been

based on real data, one could reasonably conclude that:

The number of rats in a given area bears a

direct relationship to the prevalence of
humn Ieptospirosis, but thio influence is
signifilcant only under the liniting condi-
ttons: (1) pH of surface water is within

the range of 7 to 0, and (2) salinitL- of
surfa : water is lesa than 12,000 trg per
liter.
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Tnese data were selected and arranged so that the results would be compatible

with ouf general knowledge of human leptespirosis, however, so far as we are

aware, this knowledge has not been supported by data presented and analyzed

in the manner that we have described here.

It is known that leptospires do not survive for long (in an infective

state) unless surface water is in the general pH range of 7 to 10. There is

also evidence to suggest that salinity of surface water influences, inde-

pendently, survival time of the organisms, but: the effects of salinity have

not been firmly esLablished. Such a hyp-rb'tical as ve hav- &..scr.bed

would go far toward resolving the issue. Other important causal relation-

ships might become evid nt upon cresing additional families of curves in

which, for example, the first of the two variables was prevalence of human

leptospirosis, and the second, water content of first one specific cation,

then ot'ilers, in Lurn -- the fixed factor being the pH of water. (In selec-

ting the data for these familie, of curves, oL.viously, it would be important

to choose geographic areas where rat populations iore reasonably comparable.)

3.5 CONCLUSIONS

From our rather detailed analysis of output we have Lonclided -ha, it

is possible to produce meaningful disease-environmental ma's by computer,

and, furthermore, that such production is feasible. We have pointed out the

very considerable limitations of 'Iata, and have shown that many data cannot

be weaningfully rapped. Furthermore, we have emphasized Lilat the computer

system itself cannot perform an analysis of the maps that it produces, but

that it c,', provide usefu, suppcrting information, in narrative form, de-

scribing certain limitations of the data and providing supplemental and

complemental information of a type that cannot be mapped.

Methods nf using disease-en'ironmental maps haje been considered, and

we have described the advantages of keeping these rarheL imple, and print-

ing them on transparent sheets so that they can be ovcrlaid, one on dnuther
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(and on ,propriate base maps), and compared.with particular concern for

coincidence of patterns that would connect various factors invoived in the

(muifictorial) cause of the disease in question. We believe that visual

pattern recognition will continue to be thC Wajor method oi analyses in

mcst instances because the variation in data Loverage and the non-quanti-

tatlve nature -if maay of the data will continue (in the forcsccabl ruture)

t- 17,errer .3eric.,.slv w4th <;i4urous statistical treatment of those data.

The use of block diagrams, to give a "three dimensional" appearance to

some a :pects of disease-environmental factors, has been described and illus-

trated, and we have concluded that this is a valuable form of output.

We have considered the application of a particular kind of raL!kh which,

when used in a proper series, leads to the production of a "family of curves"

that allows a "three dimensional" approach to the problem. This method is,

theoretically, a very valuable one but, because of severe demands or the

kinds and amounts of data required would probably be most useful in pro-

spective studies that involved relatively small areas.

Possible extensions f the iOD system have been considered, but these

considerations have, of necessity, been exploratory. Serious efforts to

design some of these methods of extension will not be possible until the

system is operational, For example, mathematical models could be designed

for purposes of predicting future disease-environmental relot-onships,

given proposed changes in the ecology of a particular area (e.g., the con-

struction of a large dam, or the elimination of a forest, or an extensive

program of irrigation converting land to new usage, etc.). It would also

be possible to design mathematical models us ful in predicting changes in

incidence of a ai disease based upon past behaviour of the -- tcular

ulsease in a comparable environmental area. Furthermore, maL i of fac-

tors could be prepared, analyzing the extent of correlation between each

pair of factors. If this approach proved feasible, the computer system

itself could compare and analyze data which, otherwise, it would be netes-

sary to output as several different maps. Obviously, such a capability,
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even if it were very elementary, could be useful in determining whia dis-

ease or environmental factors were the most important ones to output in

map form.

Finally -- and most important -- we have concluded that, even though

the MOD project has been designed with primary consideration for output of

information in ap form, as an over-all system, its potential applications

go well beyond "mapping of disease". Certain methods which we have developed

(particularly in connection with ctructuring data), and several of the

techniques which we have devised, are very pertinent to the structuring and

manipulation of many many kinds of data. We believe that, properly used,

these methods would be very helpful in converting these data to information.

3 -io6
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A Data characteristics

ABSTRACY - Without an adequate data

base no computerized system can

function effectively. This section

concentrates on the qualities of

disease-environmental data in relation

to computer manipulation leading to

map output. A method of structuring

data is developed that provides

proper preparation (pnprocessing) for

computer input. A factor catalogue is

developed and types and characteristics

of data sources are discussed.

i

"Bad use of language (in tht sense of confusing misuse)
usually leads to unresolved controversies."

Anatol Rapoport
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4.0 GFNERAL CONSIDERATIONS

There is a vast amount of information available pertaining to the

ecology of disease, but this irformation has been directed to such a variety

of (discipline-oriented) recipients, that it lacks unifying characteristics.

Not only is there the problem of jargon, i.e., the language peculiar

to each discipline, but there is a broader semantic problem in that the

same word may have different implications when used by the geographer, the

geologist,the agronc'ist, the limnologist, the parasitologist, the epi-

demiologist, the veterinarian, the pathologist ..... Furthermore, the

structure of (data filled) sentences and phrases differs significantly.

One of the (perhaps the) most important and difficult tasks in de-

veloping the MOD system was to design a method by which the pertinent data

could be extracted from widely varying source documents and structured

( reprocessed) so that they could be input into the computer system in a

form suitable for manipulation that would yield mapped (and narrative and

tabular) output.

in broad terms we required a data-structuring system that would cut

across disciplinary boundries (and foreJv.n language barriers), allowing us

to fit various kinds of data into a unifying framework that would provide

crisp specifications of:

The thing itself ... WliAT 1 T

The quality of the thing ... WHAT ABOUT ITJ

The value (measure) of ... HOW 4JCH U'ANTIT'TI,
that uality

-- and then make

this quality/quantity

complix -appble by ... 4HERE

attachi[' to it a
specif i location and

and time characteristic ... WHEN



4. Data 'napacterietics

A data structuring system that can meet these requirements would

suffice for the MOD project, but would have the capability of serving in

other areas too. It could handle virtually any sort of data which had a

"place" (and time) distribution, e.g., data pertaining to a body or an organ

or a tissue, or to a machine, or to a population ("space structured" in

terms of age and sex and occupation), or to land usage, or to character and

distribution of resources, etc., etc.

Computer technology has progressed to a very sophisticated stage, and

the hardware available to the biologically oriented scientist is developed

far beyond his capacity to use it The greatest single obstacle to the full-

sca).e effective use of what computer technology has to offer is the lack of

such a data structuring system as we have just described. Without effective

input there can be no effective storage and retrieval. Storage/retrieval

has reached it- ighest level of (computer) use in relation to various ac-

counting procedures and in maintaining current inventories of material, etc.

These are areas in which selection of data to be stored poses no great prob-

lem, nor is there any particular di*fii.lty in cnaracterizing the material

for ready retrieval since it is already in simple, direct qualitativ"/

quantita8tive terms.

Since maps are the output upon which the .-UD system concentrates, and

since maps dre ordinarily constructed by selecting a set of data points from

which various cartographic representations can be drawn, let us first define

maps and data points.

4.1 _DATA STRUCrURING TERMINOLOGY

coutinue,:i oext page
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(1) MAP:

Definition; A graphic/visual presentation, on a geographic-
coordinate basis, of the information imparted by a particular

set of specific data points.

(2) DATA P)INT:

Definition: A specific geographic locality where a particular
factor/aspect/facet of the total disease/environmental situ-
ation has been determined/observed/measured, and the result/

evaluaticn/value expressed in some qualitative/quantitative

form.

We will return to these two definitions later, after discussing

some other necessary ideas.

Note that three fundamentally different concepts are implicit in the

definition of a data point: a precJ~e geographic location, i specific value

(either a word or a number), and an exact description of the disease/en-

vironmental factor involved. Tn order to understand these three concepts

better, let us define and illustrate:

(I) LOCATION (LOC):

Definition: The exact geographic position of the data point,
stated as precisely as possible.

Examples: For purposes of the tOD system, the LOC of each data
point can be stated in either of two ways:

(a) As LUe name of a political unit, such as:

Pope County, Iilinois, U.S.A., North America, or
Minas Gerais prov., Brazil, South America, or

Bloomington, M4,aroe County, ldiana, U.S.A., North Arnerla.

(b, As a pair of numbers (LO, LA; i.e,, longitude, latitude),

indicating a point within a particular political unit,
soch as:
W8t 33 '  N39 07, or
WQ73 01' N23 23'

Although other methods of stiting geographic locations are used,

since any geographic location can be expressed in one of the two
ways described above, these two are the only ones incorporated

anto the MIOD system.
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j (2) VALUE (VAL):

Definition: An alphabetic and/or numeric symbol expressing
the precise character/condition of that aspect/factor (of
the disease/environmentaL situation) being considered at
'the LOC of) the specific data point.

Examples: 0. 1. 2. 3. 0.05. O-iO. 15-3"., or
Absent. Present. Rare. Common. Abundanit. Shale., or
Tropical rainforest.

(3) FACTOR:

Definition: Alphabetic and/or numeric symbols naming/describing
exactly what part/aspect/facet of the total disease/environmental
situation is being evaluated (i.e., given a VAL) at (the LOC of)

the specific data point.

Example: infection rate of schistosomiasis due to Schistusoma
mansoni in man during the period 1940 to 196C.

The functions of the three different parts of each data point become

quite clear when the process of making a map is considered in detail. First,

the cartographer selects from the entire data pool at his disposal a set ofI data points all of which involve the same aspect of the disease/environ-

mental situation (i.e., which all have the same factor specified). For

exampl , he may select a set of data points all of which concern "total

rainfall (inches) during 190b". Second, he plots the position of each data

point on a geographic-coordinate grid or base map, utilizing the location

(LOC) given for the particular data point. Third, he writes the value

: (VAL) of each data point next to its plotted position; for example. in

mapping "total rainfall (inches) duri:ng 196", he writes the values "43",

, 17". etc., next to the plotted X's that mark the locations of the

data points. Finally, he examines this rough map '1 draws. azound the

plotted data points, whichever cartographic symbols he tlP.nks wili best

present the dar.z

To sumarize, the data point's LOCATION (Lk)C) describes where a

disease/en ironmental situation was studied. The FACTOR specifies what

aspect of the diseahe~environwental situation was studied. The VAIE (VAL)
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gives the result or conclusion reached by the studies. Thus the data point

is the combination of a specific location (LOC), a specific factor, and a

specific value (VAL).

The concept of "factor" requires more elaboration. Any "factor" is

a disease/environmental description of some kind, however, several different

types of descriptions can be distinguished. For the purposes of the WVD

system we define the following four types of factors:

kl) LOW-ORDER FACTOR (LOF):

Dfinition: The most specific possible name or description
of a particular disease/environmental situation.

Ey anles: Occurrence. Abundance. Point prevalence. Period
prevalence. Incidence. Inches. Leptosplrosis. Schisto-

somiasis. L. pomona. L. canicold. S. mansoni. S. laponicum.
Raccoons. Skunks. Foxes. Clinical observations. Isolation
from urine. Isolation from tissue. Serologic tests. Mean
total annual rainfall. MaximuL recorded July rainfall.
Sava-ina. Taiga. Sewer workers. Rice farmers. Cane cutters.
Swineherds. Limestone. 1961. 1900-1950.

(2) M1DDLE-ORDER FA(TrOR (.4F):

Definition: -he set of all LOF's which describe the same,
a cct/facet of disease/environmental situations.

Examples:

_F LOF's Making Up ro. VF

Measure Occurrence.. und ,;t t.
Point prevaiece, F t: r!
p rev aleuco ,. 1 C
Inches.

General kind of disease L,.ptosptro iis, ' s Ct .t a

Specific diseaz&e agent L. jLo,,j a, U. ..... a .
5. ma.vs-<, . iae: I2 e.

Antmal host infected Raccoo. s. 0, S. C .

Method of diagnosis C l inicini o.-e -,aions. s olia It t
from Urr e 1 S i ", ) r , 1- on
tIrinsu. r r ol " ii t. eui

continued next page
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Precip.-ations Mean total annual rainfall.
Maximum recorded July rainfall.

Vegetation Savanna. Taiga.

Occupational group Sewer workers. Rice Farmers.
Cane cutters. Swineherds.

Bedrock Limestone. Granite.

Time period for which 1960. 1961. 1962. 1963.
data applies 1964. 1900-1950.

(3) HIGH-ORDER FACTOR (HOF): I

Definition: A specific combination of LOF's in which each
LOF belongs to (is diawn from) a different MOF, i.e., a
specific combinationl of LOF's to which no MOF contributes
more than one LOF.

Exan 3ee: (in thcue ezaples, words standing alone are
WF's; words in brackets "[ ]" are ?&F's; and words in
italics are connectors.)

HOF #1- Incidence [measure] of leptospirosis [general
kind of dlselase] due to L. pomona [specific
disease agent] in skunks [animal host infected]
as determined by isolation from urine [method
of diagnosis] during 1962 [time period for
which the data applies].

1OF #2 - Inches [measure] of mean total annual rainfall
[precipitation] for 1963 [time period for which
the data applies].

HOF #3 = Abundance [measure] of raccoons [animal host
infected] in taiga rvegetation] on limestone
[bedrock] c&urng 1965 [time period for which the
data applies].

(4) POLY-ORDER FACTOR (POF):

Definition: A specific combination of LOF's in which at
least two LOF's belong to (are drawn fro6) the same OF,
i.e., a specific combination of LOF's to!which at least one
MOF coatributes more than ore LOF.

Examplese:si

POF #1 - Period prevalence [measure] of leptospirosis
[general kind of dioease] due tb L. puiona and
L. canicola [specific disease agent] in foxes

continued next page
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[animal host infected] a detezined by clixicai
observations, isolation from tissue, and serologic
tests [method of uiagnosis! for 1960, 1961, 1962,
1963, 1964, and 1965 [time period for which the data
appliesi]

POF #2 Inches [measure] of mean total annual rainfall
fprecipitat,.onj for 1900-1950 [time period for whic-,
the data t-!iesl.

LOF's, MOF's, HOP's, and POF's, together, can be viewed either !s a
kind of hierarchy or as a kind of iatrix:

Miero~chy I :' LOF

G MOF a MOF a MOF a MOF

Sa HOF

LOF JN LOFI

Matrix LOLOF Lt a HOF

LFj 4a POF

LOF

Tiere are two kinds of MOF's:

(1) C-MOF's (common - MOF's), and

(2) 0-MOF's (optional - MF's)

C-MOF's are those MOF's which should, and usudily do, accorapany (as

necessary descriptive elenwnts), or should - cousinon to every data poitit

(i.e., every bic of mappable data), regardless of what aspect of the

4 - 8
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disease/environmental situation the data point concerns. However, C-MOF's

are not absolutely essential for22 _ndata; a data point can be plotted/

mapped just so long as it has a specific location (LOC), a specific value

(VAL), and at least some specific factor (which may or may not include some

or all of t' C-MOFs). Because C-MOF's should fit into the statement of

the factor of every data point, it is desirable to differentiate them from

all the other 1 i.e., the OMF's, X need not fit into every

disease/environmental data point (and which in a sense then, are optional).

As a rule, O-MOF's will be part of every mapable data point, but both the

particular O-MOF's used and their number can vary widely from one mappable

data point to another,

Examples of O-MOF's include most of those MOF's given as examples

under the definition of MOF's in general; C-WF's, on the other hand, in-

clude these and only these MOF's;

"_ C-F LOF's Making Up The C-MOF

(1) Security classification Tep secret. Secret. Confidential.
of the data. Restricted -- for official

scientific use only. Unclassified.
!(2) Primary source document Abbreviated bibliographic citation:

identification. (The p author(s), date, journal/book,
source document is the paper v p
which originally reportedvouepa. T MFwl
the data.) always be used, whether the data
the data.)comes from primary or from second-

source documents.)

(3) Secondary source document Abbreviated bibliographic citation:
identification. (The author(s), date, journal/book,
secondary source document is volume, page. (If the data is being
a paper which references or extracted from its primary source
quotes data already reported.) document, this MOF will be left

blank or not used.)

(4) Professional evaluation of More reliable. Less reliable.
data source (ILe., author, Reliability not assessed.
organization, institution,
source document, etc.). a 4 -. and 3 ""or f.urther

basic di'sc.ssi: ."; aa sti-uctur-;na

conL i,"ud next page
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(5) Computer evaluation (a number)
if data point (to be
calculated internally by
the computer).

(6) Time period for which the 1963. 1960-1964. June 1965.
*ata applies. Pre-1966. 17 April 1964.

LOF's and MOF's by themselves cannot (usually) stand alone as the

complete statement of the factor for a set of data points being mappeu,

because LOF's and MOF's do not, in general, convey sufficient information.

On the other hand, ROF's and POF's can (always) be meaningfully mapped,

each HOF or POF serving as the complete statement of the factor being

mapped or as the description (title or legend) for the map of that factor.

Some idea of the possible number of mappable factors --- HOF's and

POF's -- can bti obtained from estimates of the total number of LOF's and

MOF's available to combine into HOF's and POF's. We estimate that r1 the

order of 1030 different HOF's and POF's could be constructed. Obviously,

computer handling of this tremendous number of ossible factors is not only

highly desirable, but a virtual necessity.

In special cases certain elements can be treated either as LOF's or

as VAL's. If a specific element is treated as a LOF, that element wi:

appear as part of a particular HOF/POF. If the same element is treated as

a VAL, the element will also appear as part of a HOF/POF, but it will be

a different one. In other special cases a HOF can ccnt~in only one O-MOF,

which, in turn, can contain only one LOF, Putting it a different way, some-

times a data-point factor can consist of but a single description or name.

Such a factor, in terms of the data structure that we have discussed in

detail, can be viewed as a uni-LOF/uni-(O-)MOF/HOF, or, in other terms, as

a LOF that is also an (O-)MOF which, in turn, is a (mappable) HOF. In our

experience these special cases have been limited to environmental (not dis-

ease) situations. As an example of this kind of special case, consider a

- io
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data point where the vegetation type is tropical rainforest; the mappable

data point could be either:

In Brazil (LOC), "common" (VAL) expressing the abundance of

schistosomiasi due to S. mansoni and S. japonicum in man

living in tropical rainforests. The factor here is a POF

with one O-MOF being "vegetation type", and its contained

contributed LOF being "tropical rainforest".)

or

in Brazil (LOC), "tropical rainforest" (VAL) expressing the

vegetation type. (The factor here is a uni-LOF [vegetation

type] uni--'O-4OF [biotic communities present] HOF that has

the value, "tropical rainforest", at the location being

considezed.)

Scientific articles and reports often yield Hiarrative-type informa-

tion that cannot be effectively structured as part of a data point, al-

though the information would contribute to an increased understanding of

the data mapped. In terms of data structure we have defined this category

as:

NARRATIVE (NAR):

Definition: Supporting, nonmappable prose/narrative/textual

information or data associated with a specific data point.

Example: "Water samples from nearby ponds were lost en r ..
to the laboratory."

To illustratc the use of data structured in t,. manner we have dis-

cu here are examples of two data points anc4 map on which they are

presented. (In these examples words standing aioe are LOF's; words in

brackets "[ ]' are MOF's; wo~ds in italics are zonnectors; and ,ords in

parenthesis "( )" indicate the major part of a data pcint.)

Data Point #1: At (LOC:) W076.7 ° N39.0 °, Bowie, Prince Georges

County, Maryland, U.S.A., North America, (VAL:) 1/30 expresses

(factor, here, a POF:) period prevalence [measure] of leptospirosis

[general kind of disease] due to L. pomona and L. canic-la [specific

disease agent] in foxes [animal host infected] during 1960-1965

4-
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[time period for which data applies] ac'ording to Hopps and

Kappus, 1967, personal comunication [primary source document].

Data Point #2: At (LOC:) W07?.0° N38.9° , District of Columbia,

U.S.A., North America, (VAL:) 1/10 expre ses (factor, here, a

POF:) period prevalence [measure] of leptospirosis [general

kind of disease] c e to L. 2omona and L. canicola [specific

disease agent] i,; foxes [animal host infected] during 1960-

1965 [time period for which data applies] according to

Richmond and Cuffey, 1966, J. Leptospirology, v. 39, p, 107

[primary source document]; (NAR:) the majority of foxes ex-

amined in this urban area were in the National Zoological Park.

A map presenting these two data points is shown in Fig. 4.1.

The guiding principle throughout this description of data-structuring

methods/techniques of the MOD system has been to relate all concepts to their

ultimate application -- the construction of maps synthesized from specific
sets of data points. Consequently, attention has been focused on the vari-

ous component parts of a data pcinto

(i) a location (LOC) *
D A T A (2) a value (VAL)

( (3) a factor (HOF or POF, nude up of LOP'I

P 0 1 N T belon ing to MvOF's)

(4) a narrative (NAR) -- tnis is not mandatory

* Parenthetically, as will be discussed later, the MOD data processing
system treats LOC, VAL, NAR, and all MOF's in essentially the same
manner.

- 12
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<Factor, here a POF> Period prevalence [measure] (of)

lepto9pirosis rgeneral kind of diseasel (due to) L. pomona and
L, canicola specific disease agentl (in) foxes [animal host

infectedi (during) l960-65 [time perio6 for which data apply]

(according to) all sourcef 1Lp-rimary source documentl:

<VA L>

30-f - LA N39.0 0

District ofI
Columbia -Ca" O >I A

1 Maryland IILA N38 o.90

-Loc > -- o-Lo =W077.00 LO -- w076o;i'o < OC>

.NAR, * Foxes here tend to be scared away by numerous tourists,

so that the value determined may be low.

Figu 4-1 Map constructpd from illustrative data points #1 and #2, given
on preceding page, to ahow the function of various pottions of the structured

MOD data.

4 13
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A-2 FACTOR CATALOGUE

4.2.1 DISEASE FACTORS

Disease data sought for input to the MOD system car- be structured

according to the entries in this section. As previousiy described, the

data must be cast in the form of distinct data points, each containing a

geographic location (LOC), value (VAL), factor statement, and suioporting

narrative (NAR). The factor statement is constructed by combining LOF's

from many of the MOF's specified herein.

Throughout this secticn the following format is utilized:

Pt!F code designation) -- M0F name or textual descripion.

Examples of LOF's (names or textual descriptions) belonging
to this particular MOF

Explanatory conments regarding this particular AO?

The precise format used here meets MOD data-collecting and uata-processing

requirements, as discussed extensively later in this report. The MOF's in

this 9ection are listed alphabetically by their 3-letter code designations

so that this catalogue may serve as a guide for MOD data extractors.

Almoqt every MOF described herein can have as LOF's, "other" and

"unspecified/undifferentiated" -- consequently, these particular LOF's are

not listed under each MDF. Furthermore, every MOF can have "unknown" as a

LOF. Because of the manner in which MOD data processing will be performed,

this particuiar LOF is entered implicitly simply by omitting the MOF in

question from the data-point factor statement, i.e,, not filling in the

appropriate blanks on MOD data extraction forms.

Tbo MOD disease factors are as follows:

4 114



4. Data Characteristics

(AID) Domestic status of animal infected.

Domesticated.
Wild (feral).
Wild (native).

(AIP) Precise identity of animal infected.

Homo s piens.
Man.
Dog.
Fells leo2arda.
Microtus pennoylvanicus (meadow vole).
Raccoons.
Stink-pot turtle.
Ihars (ursidh,Ursidae).
Mice (suborder Myomorpha).
Culicirqe (culicine mosquitoes).

Allowance mwat be made for over 2,000 LOF's, which will
be arranged in a hierarchical tree-structure.

(AVC) Average course of disease in this outbreak.

Acute (i.e., sudden onset, sharp rise, short duration).
Subacute.
Subchronic.
Chronic (i.e., gradual onset, gradually progressive,

long or indefinite duration, or frequently recurring).

(AVD) Av:age duration of disease in this outbreak

7 days.
153 days.

(AV' Average severity of disease in this outbreak.

_atal.
Severe clinical.
Moderate clinical.
Mild clinical.
Asymptomatic / subclinical.

(CEN) Computer evaluation uf data point (to be calculated
automatically by the MOD computer system; a C-MOF).

3.
.i5.

21.

- 15
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"!,J) Domestic state of carrier.

Same as (AID).

&.RP) Precise identity of carrier.

Same as (ALP).

No code designation) Data point number.

661223RJC039.
670815JHC173.

This number is not actually a "factor" in the sense in
which the MOD data structure was defined previously,
but it is necessary for MOD data-processing operations.
No code designation is required because these charac-
ters, by themselves, will signal the beginning of a
new data-point record within the MOD system. Each
data point must have a unique designation; this
requirement is satisfied by entering a different
number on each data extraction form completfed. The
number consists of the last two digits of the year,
two digits for the month, ani two digits for the day on
which the data form was filled out, followed by three
initials of the data extractor's name, then by three
digits which indicate that the data point is the nth
point extracted by that particular extracto- on that
specific date.

DMS) Disease measure (method of indicating extent of disease
within population, i.e., "epidemiological index").

Occurrence (necessitates VAL's of "present/absent").
Abundance (necessitates VAL's of "absent/rare/commoniabundant").
Point prevalence.(Dorn, 1957).
Period prevalence. (Dorn, 1957).
Incidence. (Dorn, 1957). (necessitate VAL's
Mortality. which are ratio, frac-
Standardized mortality ratio. (Howe, 1963) tion, or percentage
Infection rate. numbers, e.g., 1:4,
Case rate. 1/250, 0.07, or 13%)
At tack rate.
Hospital-admission rate.

continued next page
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Number of cases existing at specific
point in time (i.e., a day) (-CP).

Number of cases existing at any time
during specific time interval (i.e.,
a week, month, or year), including
both those which began before and

those which began after start of
time interval (-CBA)

Number of cases beginning during
specific time interval, including (necessitate VAL's which are
only those which began after start absolute numbers, e.g.,
of time interval (- CA). 15, 749, or 136).

Number of deaths occurring during
specific time interval (- DI).

The disease measures requiring ratio/fraction/percentage numbers
as VAL 's, such as point prevalence, period prevalence, incidence,
etc., are so frequently ut,'lized imprecisely and ambiguously in
the literature that it may be necessa.j (with some groups of
data) to synonymize them simply as "Morbidity". Similarly, the
various measures which are stated as numbers of cases may also
have to be synonymized as simply "Number of cases". At this
time, however, the definitions given by Dorn (1957) will be
followed for '-oor+ '-- 7lence (=CP/P), period prevalence
(=CBA/P), incidence (=CA/P), and mortaligy (=DI/P), where P =
population examined. Standardized mortality ratios are cal-
culated from standard health statistics by several arithmetic
manipulations as outlined by Howe (1963, pp 3-6).

(DOR) Duration of outbreak reported.

6 days.
30, days

(ESD) Epidemiologic state of disease within population.

Endemic/enzootic (i.e., disease continuously present at lo.' rate).
Hyperendemic/hyperenzootic (i.e., disease continuouF.ly present 4

at high rate).
Sporadic (i.r., disease inLermittently present, only at low rate).
Epidemic/epizootic (i.e., disease intermittently present, at high

rate, in a small area -- or disease continuously present but now
at ouch higher rate than usual, in a small area).

Pandemic/panzootic (i.e., disease intermittently present, and at
high rate, over very wide region -- or disease continuously
present but now at much higher rate than usual, over very wide
region).

*4 Ii
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&FOP' Frequency of outbreaks preceding outbreak reported.

No outbreaks previously reorted.
Outbreaks rare/occasional,'- iuum.
Outbreaks common/frequent.

Outbreaks very common/very frequent.

GKD) General kind of disease.

Lel cospirosis (- 7-day fever - Weil's disease/syndrome
Ft. Bragg fever - soirochetal jaundice - pea-harvest
fever - water fever - (sugar-)cane fever - rice-field
fever - harvest fever = swamp fever - swineherd's

disease i mud-harvest-field fever - brushy creek fe-r =

pretibial fever - field fever mud fever - autumnal
fever).

Schistosomiasis.
Rc'Vle s.

Malaria.

Hemorrhagic fever.
Dengue.
Cholera.

(HSO) Type of hum a settlement where outbreak occurred.

Urban or large city.
Suburban area.
Small town.
Densely-settled rural area.
Sparsely-settled rural area.

_IHD) Doestication of intermediate host.

Same as kAID).

_JP) Precise identity of intermdiatY hpost.

Same as kAlP).

IW,) Prior state of iM.inity of animaas infected In this outbreak.

Susaeptibile/not imaune.
Naturall ; imje-n
Artificially immnized.

(KOR) Kind of outbreak reported.

Isolated cas, (1).
Small grouap of caser (2-9).
Large group of cases (3C +).

4-



4. Data Characteridtics

(LBS) Basis of sampling for largest sample involved (i.e.. how were the
individuals chosen for examination or testing, in the broadest
sense).

Random survey of townspeople.
Sick people visiting local physicians for any illness.
Patients admitted to hospital for suspected leptospirosis.
Complete survey of military inductees.
Complete survey of dairy herds.
People living on the same side of a street.
Persons of a particular occupation.

(LDO) Lethality of disease in this outbreak.

Always fatal.
Often fatal.
Seldom fatal.
Rarely fatal.
Never fatal.

(LGD) Relative level of generalization of data.

Data very generalized and broad.
Data intermediate in generality.
Data highly specific.

(LOC) Geographic location of data poinL ki.e., where did the cases occur?).

North America, United States, Pennsylvania, Centre County,
Pine Grove Mills.

North America, United States, Maryland, Anne Arundel County,
W 0760 29' N 380 59'.

Europe, France, Dordogne, , Les Eyzies.
Africa, Ghana, Accra Prov., ., A.E.Prince's lot

near Teshi.

This is not actuaZly a 'factor" in the sense in which
the MOD data structure was defined previously, but it
is necessary for MOD processing operations. Allowance
must be made for over 10, 000 different entries, entries
which will be arranged in a hierarchical tree-structure.

(LOG) Occupational groups in largest sample involved.

Sewer workers
Rice-field farmers.
Cane-cutters.
Butchers.
College/university students.

4 19
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( L.REJ xacial/etit4ic/breed groups in iargetsampvle Involved.

Scandiadv iau Europeans.
Nilotic Negroes.
Italian Americans.

Pereford cattle.
Chihuahuia dogs.
Tagalog 'ribespeople.

A~i__Aes in largest sample involved,

Adolesce.,.

Aduit.
22-28 yrs.
0-6 mos.

L. SX Sexes ist sample involved.

male

Female.

f Size far est sample inv- ed (lrger of individuals
examined, i.e.. bow many individuals were rxamined or tested in

the broadest sense?).

703.

514.

37.

(MDG) Method of diagnosis.

Clinical observation.
Isolation of disease agent, source unspecified.

Isolation of disease agent from water.
Isolation of disease agent from soil.

Isolation of disease agent from urine.
isolation of disease agent from blood.
Isolation of disease agent from tissue.

SerologiL test -- single specimen (or non-rising titre).
Serologic test -- multiple specimens -- rising titre.

Skin test.

Xerodiagnosis.
Biopsy.

Autopsy.

4 - 20



, (D 1  Mc-dical facilities involved in diagnosis.

Military hospital/clinic.

University/academic hospital/cilnic.
Large/urban hospical/clinic.

Small/rural hospital/clinic.
Individual physician.

Nurse/paramedical person.
Folk/witch doctor.

None.

Roving expedition /field study.

_(FT) Medical facilities involved in treatment durin this outbreak.

Same as (MFD).

(ND) Minimum duration of cases in this outbreak.

Same as (AVD).

(14NS) Minimum severity of disease in this outbreak.

Same as (AVS).

P (MRG) Manner of reporting/grouping data.

Data not grouped -- reported as individual cases.
Data grouped and reported by county.

Data grouped and reported by state/province.

Data grouped ,md reported by country/colony/cependency.

(_R) Method of transmission of disease to animal infected,

Direct contact with living infected animals.
Direct contact with dead animal,tissue, o " blood.
Direct contact with excreta (it luding urine).

indirect occupational contac, with water.
Indirect recreational contact with water.
Indirect domeqtic contact with water.

InG ect occupational contact with soil.
Indirect recreational contact with soil.
Indirect domestic contact with soil.
Bite of carrier or vector.

}_ Maximum duration of cases in this outbreak.

Same is (AVD).
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(MIXS) Maximum severity of disease in this outbreak.

Same as (AVS).

(NAR) Supporting narrative information for data oint.

Water samples taken during expedition were contaminated

accidentally before laboratory processing.
Observations within this tract of Jungle led to a
mapping su rrey several months later.

This is not acZuaiy a "factor" in the sense in

which the MOrD data etructure was defined
previz ly, but it represents significamnt
info-7orition that can be madc availabl'e to the
MOD i ser.

(PES) Professional evaluation of data source i,.e, authors or inzan
.Listitution. source document. tc;. a C-MOF)o

More reliable.

Less reliable.
Reliability not assessed.

(PFD) Pattern of fluctuations in disease situation aver lon periods of
time.

Disease continuous, with no significant peaks (peak - 3 x
average value).

Disease contin,'ous, but with significant peaks.

Disease intermittent anG seasonal, within a year.
Disease intermittenL and non-seasonal, but within a year.
Disease intermittvnt and seasonal, but non-yearly.
Disease intermittent and non-seasonal, and non-yearly.

(PD ) Domestic state of _ r~ y__host.

Same as (AID).

(fg?) Precise identifyof primary host.

Same as (AIP).

(PSD) Primary source document identification (abbreviated bibliographic
citation; a C-MOF)

Smith & Jones, 1968, J. Zool, v. 13, p. 51.

Kappus, 1968, Leptospirosis in Mice, p. 157.

continued next page
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Hopps, 1966, Princ. of Path., pp. 13-17.
Brown, 1951, Geol. Bull., v. 51, pp. 571-703.
Richmond. 15 Feb 67, MOD System & Data Analysis Results

(Final Report from PRC), p. 13.

The piry 3ource document is that in which tn e
data was orignally reported.

(RSD) Domestic status of reservoir.

Same as (AID).

(SP/ Precise identity of reservoir.

Bazs . f or sam ling for smallest sample involved (i.e.. how were
the individuals chosen for examination or testing in the~narrowest sense?.

Same as (LES).

8;(A) Specific disease aaent,

1epto~ra, serotype not determined or not speclf ed.
Leptosir__, all serotypes.
Leptospira Pomona.

Schistosoma mansoni.
Plasmodium falciparum.
Vibrio cholerae.
5znk hemorrhagic fever (OHF) -agent.

Agents are to be arranged in a hierarchical tree-
structure, with a 'lowance for about 125 eptospiral
agents and about 80 hemovrhagic-fever agents.

_(SA) Season for which data applies.

Winter.
Spring.
Summer.
Fall.
Deer-hunting season.
Wet season.
Dry season.
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(TOD) Time of day for which data applies.

Morning-night.
Dawn.
Morning.
Mid-day.
Afternoon.
Dusk.
Evening-night.
Mid-night.

(TSC) Topographic situation of cases in oatbreak.

Along river/valley bottoms.
On plateaus.
On mountains, Just below tops.

(UD Uaiue designato, for combination of smallest ad largest
samples involved.

670502RJC073.
680923HCH107.

The matter of sampling to deterfnine the value of a data
point is extremely complex, and is L st explained by
using a simple example.

Assume that, in a town of 10, 000 people, 1,000 men have
been inducted into the military -- 800 of these have
been exmined medically in some way or other, 500 of
which have been examined serologically for leptospiro-
sis; 10 are found to have L. pomona antibodies, and 5
are found to have L. canicola antibodies, and 2 arr
determined to have Zeptospirosis, clinically, b&t were
not tested seroLogically.

There are actually three separate data points which
must be extracted separately from the above situc ion:

(1) 10/500 point prevalence of L. pomona serologically.
(2) 5/500 point prevalence of L. canicola serologically.
(3) 2/800 or, possibly, /'O00 point prevalence of

L., serotypeR underterdmned, diagnosed clinically.

Commonly, when such studies are published, one or )re
of the figures. 1000, 800, and 500, are c.mtted. Eve?.
though they were given, the fact that all these numbers
relate to essentially the same sampling situation might
D~oJ obscured if the data points were entered into
the MD system separately. To avoid this, (, unique
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designator is required for the combination of
samples (the LO00, 800, and 500) involved in this

itat -.on. Such a unique designator can be con-
structed from the date (two digits for year, two
digivts for month, and two digits for day), three
Letters for extractor's initials, and three digits
indicating that this was the nt, sample encountered
by the extractor on that &.7y.

The unique designator is required for computerized
combination of these data points. For example,
given the sa'r unique saple designator for the
3 data points above, the computer system can then
combine them correctly to get -0 + 5/500 point
prevalence of L. serologically (rather than
10 + 51/500 + 500), an 10 5 + 2/800 to
10 + 5 + 2,1Z000 point prevalence of L. serologically
and/or clinically (rather ihan 1O + 5 + 2/500 + 800
to 70 + 5 + /500 + 500 + 1000), in this particular
leptospirosis situation.

(No code desijarion) Security classification of data (a C- OF).

Top 3ecret.
Secret.
Conf idential.
Restricted -- for official scientific use only.
Unclassified.

io cod. desigratian is required, because security
matters must be handled mLnually rather than by

the WOD computer system itself.

(SOG) Occupational groaps in smallest _aREle involved,

Same as (LOG).

(SRE) Racial/ethnic groups in smallest sample involved.

Same as (LRE>.

(SSA) Ages in smallest sample involved.

Same as (LSA).

SSD) Secondary source document Identification (abbreviated
bibliographic citation; a C-MF).

Same as (PSD).
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The secondary source document is one which
references or quotes data already reported
elsewhere.

(S)Sexes in smallest sample involved.

Same as (LSX).

(SSZ) Size of smallest sample involved (smallest number of individuals
examined. i.e.. how many individuals were examined or tested in

the narrowest sense?).

Same as (LSZ).

(TGA) Treatments Riven to animals infected.

300,000 units K phenoxmetiyl penicillin q.i.d. for 7 days.
Nodules surgically removed.

TIM Time period for which the data applies (i.e.. when did the cases

occur?; a C-MOF).

63 (i.e.,1963).

6306,6411 (i.e.,Jun 1963 - Nov 1964).

630617 (i.e.,17 Nov 1963).

(VAL) Value for data point.

1.
33.
Absent.
Rare.
Tropical rainforest.

Probabl) present.

This is not .ztually a "factor" in the sense in which
the MOD data stnucturc was lefined prevou -ly, but it
is necessary for A'OD processing operation.. Tl,
particular value entered for a data point mnst be
checked to insure that it is compatible with the factor
statement (partiularly the disease measure -- DMS).

(VCD) Domestic status of vector.

Same as (AID).

(VCP) Precise identity of vector.

Same as (ALP).
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4.2.2 ENVIRONMENTAL FACTORS

Environmental data sought for the MOD system can also be cast in

terms of the MOD dat structure, utilizing data points consisting of LOC

(location), VAL (value , a .actoi statement (constructed by combining

LOF's from many of the MOF's listed), and N R (narrative), and these

factors tor environmental data are the same as previously described for

diseas- data.

Ot-er (O-,: OF's can be c-nstructed according to the same format as

diseas -related 11 -"s. For example:

(MZ) Biogeogra hic distribution measure.

Occurr, .ce (necessitates VAL's "absent/present").

Abund;,-Lce (necessi ates VAL's "absent/rare/common/ahundant").
Number of individuals seen (necessitates VAL's such as "137").

(SMP) Precise i.entity of smll mammal considered.

Same as disease MOF (ALP).

Because of the enormous number of possible envircnmental MOF's, this

catalogue of environmental factors lists only broad statements as to the

kind of data desired ratiL.r r an precise M(:F's. However, precise MOF's

can be readily formulated from this catalogue when requirements for

specific environmental data arise. Physi.cal/chemical-environmental

factors are listed fi-st, then biologic-environmental factors and, finally,

human-envi-onmental factors.

"he MOD environmeltal factors are as follows:
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Bedrock:
Types (granite, limestone, schist, etc.)
Structure (flat-lying, folded, Jlock-faulteo, etc.)
Chemical/mineral content (including major elements,

trace elements, etc.) f
Types (latosol, sierozem, podzol, etc.)
Chemical/mineral content (including major Jlements,

trace elements, pH, etc.,'
Temperature (at surface, 1-foot depth, etc.)

Moisture content, porosit , permeability

Erosion:
Severity
Type (sheet, gully, etc.)

Topography:
Elevation/altitude
Relief
Slopes (abundance, steepness, orientation)
Landforms (mountain, valley, plain, etc.)

Water:
Availabllity (especially of potable water)
Types (soil water, surface water, ground water, etc.)
Physical/chemical characteristics (including pH, salinity,

temperature, turbidity, hardness, major and trace
elements -- especially oxygen content and carbu.nate content)

Surface water bodies:
Type (intermittent stream, permanent lake, permanept soring, etc..
Origin (natural, artificial -- reservoir, irrigation ditch, broken

bottle, etc.)
Water movements (flowing, stagnant turbulent, etc.; wave

direction and height; current direction and speed; tides)
Hydrography (depth, gradPent, bottom type, ec.)
Biotic content (aquatic weeds, o, ater beds, etc.)

Water pollution:
Type (industrial-chemical, suspended solids, thermal, sewage, etc.)
Intensity/severity
Duration/frequency (continual, seasonal, occasional, etc.)

Evaporation, evapotranspiration, dessication (potential, actual)

Climate types. (humid mesothermal, humid continental, etc.)
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Weather yaes

Air temp~erature,
Where measu'red (1 inch above ground, 30 inclies above ground, etc.)
When measu~red (noon, 6 P.M., any random time, etc.)
Tim-- period involved (daily, monthly, seasoiially, annually, etc.)
How measured (mean, highest observed, lowest observed, range

of variation, etc.)

Precipitation:
How measured (total, range of variatio-', mean, maxium, etc.)
Time period involved (daily, weekly, monthly, annually, etc.)
Seasonal distribution (continually wet, distinct wet/dry seasons, etc.)
'Fvpes (rain, snow, sleet, hail, etc.)

Dew:
Frequency of formation
Duration into daylight hours after formation

-equency of f ormation (number of frost-free days, etc.)
S, sonal distribution (date of last spiring killing frost,

aite of first fall killing frost)

Glaciers

ilumidity (re-,itive, absolute, wet-dry bulb temperatires, etc.)

3. rometric iLres6 ire

ulu ds and tog, and clarity/transparency of atmosphere:
'vpe (dklise fog, stratocumulus, etc.)

Frequa-nc, of occurrence

Pliys of surl?3hine
Lerpth of daylight (also length of growing season)
Extent to wh:,ch people are exposed to sun each day

Winds:
1XiLre~tion
Speed 'severity/f-orce
Freq,_iency
Sea.sonil distribution
$peciai types (up-v,.'-1ey wind, ocean breeze, etc.)

Th~nderstori -nd i~ghtning (static electricity)
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NaLural disasters (hurricane, tornado, flood, dust--/sand-storm,
drought etc.)

Air polution:
Type (pollen, smoke, toxic gases, etc.)
Frequency
Severity/intensity

Gravity

Magnetism (terrestrial)

Background radiation (ionizing):
Terrestrial (frc uranium-bearing black-shale bedrock, etc.)
Solar
Cosmic - ray

Organisms occurring in same area as dls'ase cases (including wild and
domesticated; including vertebrate animals, irn ertebrate animals,
plants, and protists; includirg potential and knic-rn intermediate
hosts, accidental hosts, artificial or experimental hosts,
reservoirs, carriers, vectors, pdrasites, etc.)

BiDtographic distributions of such organisms:
Occurrence
Relativc abundance
Population size and density
Natural population cycles, variati )s, W migrations
Degree of concentration versus dispc sal

LivinA habits of such organims:
Feeding (including biting preferences, food chains, etc.)
Breeding
Re ting (hibernating, aestivat:ig, etc.)
Competitive and s mbiotic relationships
Amount of contact with rar.

D isease/health cooditions of such orkanisms

Pesticide or drug resistance among such Qrj-Pi---6

Local habitats (gressland, swamp, desert, for.st, _tltivatvd field,

pasture, etc.)

Biotic communities (short-grass prairie, oak-hickorv frest, etc.)

Biomes (tropical rainforest, taiga, etc.)
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Biogeographic eions (Neotropical, Hoiarctic, etc..

Huiman population:
Total numbers of people
Density (ru.mber of people/square w-ile)
Rate of increase or decrease of total populat ,on
Birth rate (including effects of birth control measures)
Death rate
Popu.lation movement3 (wa~r refugees, nomads, migratory workers,

patients admitted to hospitals far from their residences,

miiltary troop meveiaeuts, etc.)

Ake structure of population

Sex distribution within populAtion

Racial v'roups Ithin population

EIhnic or nationality -'ioups within population

Langagegrous wthin popsIaio

Socio-econo'mic groups w itin pokulation (including caste)

*Dis tribul-ion -)- other human hereditari or genetic f actors

* ersonji lvedlcaihygenic, andi sanitary practices and habits kwashing
haJtaking satine baths. prott.:cting newborn infants, etc.)

FunL.c1-health servic epac tices. expenditures, ard ficilities:
Sourct, of pta~ie water (-qurface reservoir, drilled well, etc.)

- rjeaet ol water stupply (chloi .nation, filtering, etc.)
Trea~~~tof sewage

&;eneral leve.1 of communliY sanitation
Pest control and eradication programs
. ;enersl vacination or inocul-ation programs

M;; .c ailitiers availdble:
ant zi type (large hospital, small clinic, mobile -il itation, etc.)

Sv-otzorship anid administration (governmenr nil ijarv, misslooarv,
'n jus-rii, academic, research institute, -ri':,ate, 2tc .

Av.a iabi;itv " f pstholoSist aridi'or laboratverv dikoi ser-vice
iafe ut ac~es6 to facilities among diiferent groupi withlin

population (due to cost. dfsrtnc,, P.c.)
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Medical personnel available:
Type (physicians, veterinarians, nurses, technicians, dressers, etc.)

Numbe

General health level ofo ation

Other diseases common in populati' (including genetic defzts, infectious

diseases, mental disorders, malnutrition, alcoholism, drug

addicticn, etc.)

Nutritional and dietetic habits and customs:
Physical/chemical/mineral content of foodstuffs

Nutritional deficiencies

Settlement patterns (urban, suburban, small town, dense rural,

sparse rural, etc.)

HousinA preferences and habits:
Length of residence in presently-occupied dwelling

Construction (windows screened, walls brick, roof straw, etc.)
Number cf people living i& each house
Amount of tiwe spent indoors

Types and sizes of family groupin s

M.iaeand divorce customs

Personal clothing habits

Recreational, ttertainment. and social habits.

Kinds (swimming at public beaches, etc.)

Frequency
Types involving special risk of exposure to disease

(water sports, hiking in jungle, eating raw fish, etc.)

Educational level:
Literacy
Number of high-school, college, etc. graduates
Educational facilities (schools) available

Land use (grazing, farming, reclamation projects, etc.)

Type of economy (hunting-gathering, farming, machine civilization, etc.)

Basis of economy:
Hunting or gathering
Fishing

continued next page
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FoDrestry

Agriculture (farming, ranching, etc.; crops involved, e.g.,
cotton, wheat, sesame, etc.; agricultural practices, such
as use of irrigation, chemical fertilizers, human nightsoil,
etc.)

Mining (coal, iron, copper, sulP :, diamonds, petroleum, etc.)
Manufacturing (principal raw materials, principal products)

Services (teaching, research, consulting, etc.)

Occupations and iobs:
Types present (automobile mechanic, university professor, etc.)I Relative proportions (i.e., predominant jobs)
Kinds involving special risk of exposure t: disease

in which interested (such as butchers, sewer worl -s, etc.)

Economic levels, distribution of income, standard-of-living index,
unemployment

Communizations available:
Types
Extent to which utilized

Transportation avE'lable:
Types (railroad, private car, bus, etc.)

Extent to which utilized
Mobility and travel pattern of population
Kinds involving special risk of exposure to disease

in which interested (such as walking through jungle,
fording streams, etc.)

Crime statistics

Military organization of population (noute, militia, away-from-home

active d-ty, etc.)

Political ovements, political views

Religions and religious/superstitious customs (such as pilgrimages,
washing in rivers with other worshippers, etc.)

Artistic, musical. and literary customs and activities
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The MOD method of data structuring is, admittedly, hard Lu iasp.

In an attempt to simplify explanation of the basic concept -- and the

method of its application -- we conceived of the analogy shown in the

adjacent figure.

Figure 4-2 presents an orchard that consists of a number of

rees; similarly, a map consists of (is drawn from) a number
of data points, and, in our illustration, a siagle tree ib
analogous to a data point.

The location of the tree within the orchard is comparable to
the location (LOC) of the data point. The size of the tree

may be considered comparable to the value (VAL) of the data
point.

Carrying our analogy further, the various parts of the tree

can be compared with the various parts of the factor state-
ment. The most obvious, vital, specific items in an orchard

(from the grower's viewpoint), are the fruit on each tree;
analogously, the most obvious, v!.tal, specific items in the

data point's factot are the individual LOF's. Furthermore,
the branciies of the tree (bearing fruit/LOF's) can be compared
with OF's, and the trunk (supporting the fruit-oearing
branches/LOF-bearing MOF's) can be compared to a HOF/POF.

A a second analogy, consider the situation in ordinary com-
puterized information-processing terminology. Usually, terms
are defined in two levels -- as descriptors and as elements.
Elements are analogous to MOF's, whereas descriptors of those

elements are equivalent to LOF's.
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rboth are sidel
C-MOF's or supporting ' 0-MOF's

branches j

O.ESOA LY i. __

PR'*ARy SOUJRC[ OF OOCUWelpt 1

SEC URITY C1 ASSIFCATI, meNec

LOC - location of tree (USA, Ind., Monroe Co.,- e~tc.)
VAL -size of free ( abundant; 14%; c'c.)

entire combination = I data point

Figiaxv 4-2 Illustrating the analogy between MOD data structure and an

orchaiJ.



A.3 DAIA REQUIRED FOR MAPPING MINIMAL JkND OPTIMAL

Now that the structure of the data available %o the MOD system has

been described, we can more clearly delineate precisely what data are

necessary for mapping disease-environmental factor6 -- and what 'arm they

must be in. First and foremost, the data must be capable of being put into

the format ot discrete data points; and this means that they must have a

define (stated) geographic location (LOG), a value (VL_, and some state-

ment of factor (see pages 4-6 - 4-11).

If data were collected to meet a particuiar need, e.g., a specific

MOD system use, itr format could be rigidly defined beforehand, and many

problems would be avoided. Unfortunately, the MOD syste-. user will, as a

rule, be dependent upon data which he had no role in generating -- data that

were developed without any thought of computer processing, much less mapping.

Although "geographic location" and "valae" are uot without their

otae, .......-i cs w..th FACTOR. In part U1 ... .....

the vagueness of our language, in part the enormous number of attributes

which characterize medical Pnvironmental situations, many of which are in-

.omplete ip thzmse.\,&, many of which overlap. It is factor, mor than any

other component the data point, that restricts usefulness of the aatl.

It is a limited specification of factor in the original data source that is

most likely to "handicap" the data point so that it is closer to minimal

than optimal. This is why the consideration cf minimal and optimal data

required for mapping concentrates on factor.

In data points which deal with certain environmental situations it

is possible for the factor to be adequately stated by a single IOF (as

described earlier in discussing the terminology of the MOD data structur:.
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Such a factor is called a uni-LOF uni-(O-)!JF HOF. But with data points

that deal with a disease situation, the factor statement requires a combi-

nation of se!vcral LOF's/MOF's. Our experience indicates that LOF's from

Lie foliowiTig six M)F's muist be given In order for any disease data point

to be mappiible.

(1) Time period for which data applies (whether this is the

Idate of onset, or date of termination of disease, or

some intermediate time during its course).

(2) Disease measure e.g., "number of cases existing during

the specific time interval".

(3) General kind of disease, e.g., "diarrhea" or "leptospirosis".

(4) Disease agent (as precise as possible), e.g., "Schisrcsoma

nnsoni" or "Leptospira pota".

(5) Method of diagnosis, e.g., "serologic" or "isolation from

urine

(6) Identyof animal infected (as nrp , pc pe ,, m.a.,

"Homo sgi'ens" or "Canis domesticus".

These requirements are not so absolutely restrictire as they may seem.

however, the less specific the factor statement is with respect to any one

of thes," points, the less useful the data becomes. To consider some very

bad examples:

Time period might have to be specified aq "some time
during 1900-i050"; General kind of disease as "diarrhea";
Disease aat as "unknown"; Method of diagnosis as clinical
impression; Identity of animal infected as "nonhuman .- mmals".

These six items represent the minimal requirements for a meain ful

disease-environmental data point. Firther characterization of the data

point's factor wotjld permit the data point to be used in some of the more

complicated MOD system calculations. Consequently, it would be nhijgly

desirable to !nclude, in the factor statement, LCF's belonging to thej following MDF's:
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(2) Primary source document. *

(2) Secondary source document.*

(3) Professional evaluation of data source. *

(4) Computer evaluation of data point. *

(5) Unique designator for combination of smallest and
largest samples involved.

(6) Size of smallest and (7) largest sample involved.

(8) Age group of smallest and (9) largest sample involved.

(10) Sex of smallest and (11) largest sample involved.

(12) Racial or ethnic group of smallest and (13) largest
sample involved.

(14) Occupational group of sma3 'st and (15) largest
sample involved.

(16) Basis for sampling of smallest and (17) largest
sample involved.

(18) Domestic state of (nonhuman) animal infected.

(19) Epidemiologic state of disease wthi- population 71
animal (including human) infected.

Many other disease-related LOF's and MOF's can be devised, as demon-

strated in the catalogue of MOD system factors and on the data extraction

forms (to be described later). Any or all of these can be added to a data

point as part of the statement of the data point's factor. Kowever, the

six "required" MOF's that we have listed, plus the LOC and VAL, comprise

the elements minimally required for effective processing of the disease

data point by the MOD computerized mapping system. An optimal data point

would include the nineteen "highly desirable" MOF's listed -- and many more,

selected on the basis of known present need together with estimates of

probable future requirements. But until thei-e has been considerable oper-

ational experience with the MOD system, it will not be profitable to

* These are C-MOF's and, as previously stated, should accompany every data

point, however, they are no' required in order for the data point to be
mappable.
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speculate what precise combination of MP's/LOF's make up the factor of the

"optimal" data point.

On the basis of rather limited experience we have found that disease

maps were more readily constructed, and imparted more information to the

viewers, if the data points had the following characteristics:

(1) Their values (VAL's) were all originally given in
consistent, uniform format, so that no interpretative
equating of dissimilar types of values had to be

performed.

(z) Their factors were comparatively short, simple, and
straightforward, rather than complex and involved.
(This trait enables a number of points to be compared
with reasonable assurance that each point describes
the same aspect of the disease/environmental
situ-Ation. )

(3) Their factors were oriented toward the raw data rather
than toward the conclusions drawn by au.*'ors of the
papers from which the points wer extracted.

(4) Their locations (LOC's) were distributed fairly
uniformly over a large geographic region rather tnan
being clustered in a few small spots with large
distances between the spots.

Althc-igh these characteristics of Jata point -ts used for mapping are

highl.v desirable, much of the data actually -vailable to the MD effort fall-

short of these ideals in one or more ways. Ve emphasize once again that,

from the very beginning, the MOD system was conceived as a mechanism to

utilize availabie uata as well as possible, relying upon the Anffrled blo-

medically oriented user to examine output critically and with Lns!bhc into

its limitations.

There are three alternatives - this apprvach:

(1) Let "well enough" alone.

(2) Set about to collect a great mass of "ideal' -*dical-
enviroqimental data (obviously impracticai).

(s) Wait .tntil "ideal" data appears upon the scene.
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None of these alternatives was acceptile to us. Our view, as ex-

pressed in the Preface, is:

Min of "he 7_st imnort r,-?t problems have the softest
intr- ation, but we must 'aentif. what >nforru~tion
t.ereis, ant earn its itati o s. We r,"et work
tJra corrv-ti,% eficienaies i the d'-a base, t, t
e-Ven ,ore otit e "ast Lieve -1-P b;etter ~to~
of using wkLat infoarnation is availabie.

We are at the s age of worlJ .velmerlt whr-e r-un
(jortant f-ments rust :, "ade in the absence of'

rjami ata. If we do no* _se what data Ls a)aiab 1e,

.,hat shall we use-

4.4 PROBLEM AREAS REL,.TED I) DATA CHARACTERISTICS

4.4.1 DATA STRUCTURE LIMITATIONS

The wcthod of structuring data which we havc described in detail has

been used Nuccessiui by MOD projict members :o extract disease and en-

vironmental data from a variety of sources and, then, to noip that data.

Furt.ermore, tnis structure has provided the basl& u:on which oata extrac-

tion forms, data -iles, and data processing procedures nave been det.7gned

for th- MOD system. Put tiere are limititLions to this method of strnucturinl

data.

We emphasize once again that the data trunctur- and catalogue of

factor! are specifically oriented toward mapping. The HOD system was never

intended to oe a genera. virpose data--storage-and-rt trfeva) system; rather,

it is intended to yield special purpost, diseaseiervironmtita! maps sc-

com~pa!ed ),y supplementary informaL(hi. This is why our m,hod of struc-

turing data has developed P.round the conce-pt Ji mappable &uata points.

This does not mean that our method of structurIng is li4,Kted to manpotng,

but it does Imply that mdification would probably be ne -esary If the

I ethod were applied tc other areas.
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Organization of the data structure for computer processing permits

data to be entered at any levei of genarali.y -- from the very general to

the ver-y specific -- and to be retrieved at any level equal to or more gen-

eral than (but not more specific than) that at which it was originally

entered. This meaxus that an individual-patient-record data point can be

used tn any retric-:aI, ia contrast to (for example) a county-average data

point that could never be used to determine the extent of disease in a city

within (and smaller than) that county. Generalizing, a computer system can

never go beyond the specificity of data within its data pool, but it can

always combine (miscible) data into larger groupings. Obviously, then, to

be most useful, each data poiit entered into the MOD system should be as

specific and precise as possible to be most useful.

4.4.2 LOCATIONS AND VALUES OF DATA POINTS

Various aspects of locating data points were discussed previously

under Output Analysis, but a few additional comments are appropriate to the

assignment of values to data points.

The locations of data points input to the MOD system will be stated

in terms of political unit names or in terms of longitude-latitude point

localities within named political units. (Data grouped for a particular

geographical unit will most often be treated Is if they all existed at the

center-of-gravity of the area of the geographical unit.)

The data point concept which we have discussed is universally appli-

cable to all the data to be put into the system. Conversely, if the data

cannot be phrased in terms of discrete data points, it cannot be processed.

Therefore, if one wishes to have a disease-environmental map that shows the

probable effects of physiographic features such as oceans, deserts, and

mountains, he must do so by modifying the particular set of data points

used in constructing the map, rather than by modifying the data structure.
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For example, there should be cio human disease prevalence recorded for

.e (open) oceans or for (uninhabited) mountain peaks. In order for the

system to recognize this situation, the system dictionary must contain a

description of all such physiographic features. Once this is done, then

such features can be treated as desired. For example, in Fig. 3-38, -ceans

have been mapped as O's; in Fig. 3-15, as blank spaces. This is not a

unique problem of computer mapping; the human cartographer does this too

(Robinson, 1960, p. 160), taking into account many items which are not

strictly a part of the data-point set being mapped. The differer :c between

the human cartographer and the computer is th at the human cartographer does

this intuitively whereas the computer must be given explicit instruczions.

In many situations, the assignment of appropriate values Io data

points has proved extremely difficult, due principally to the incorrect or

ambiguous usage of terms relating to disease measures. s.mples, and extent

of diseases in populaticos. For example, words such as "incidence" and

1"prevalence" are frequently used interchangeably for several mathematically

different ratios or i nexes (see Glossary for precise meanings). Caieful

reading of the data source document sometimes indicates which ratio was

meant, but more often, it does not. In this latter case, a professional

judgment nust be made by the data extractor is to what index was meant.

S~milar confusion results because sizes of the samples from which published

numerical vaiues were calculated are often not given. Suppose the MOD user

requests a map that shows infection rate in terms of numbers of infected

individuals. To produce this map we must krow both the percent infection

rate (often given) Kind the number of individuals examined (often not given

or, if giver,, confused with the size of the total population from which the

sample was drawn) unless, f course, the number of infected individuals was

given in the data source(s).

We ,iope that development of the MOD system will give further motivation

and stimulus to , se who generate and report bio-medical data to be precise

and rigorously consistent in their use of such terms as we have described,

ne.i aps staiidardizlng 'efinitions in the n,-nner ot Dorn, 1957.



Four types of values for diseasL data points can be distinguished, and

these fall into two major categories:

a. ualitative, in which alphabetic symbols (or words) denote:

(1) Occurrence, e.g., "present" or "absent".

(2) Abundance, e.g. , "comon" or "abundant".

b. Quantitative, in which numeric symbcls (or nubers) denoce:

(3) Absolute numbers, e.g., "10" infected individuals.

(4) Percentages, e.g., "15" percent infection rate.

Since published reports of disease data include all of the above types

of values, the MOD system mu, contain algorithms suitable for converting

any of the types of values to any other. It would be impossible to map to-

gether points whose values were "10 cases", "15% infection rate", "common",

and "present". All the values must be converted to equivalent values, ex-

pressed as only one of the possible types of values. For example., values

of "rare" could be converted, either automatically or under user specifi-

cation, to "2%" or to "5 cases" [or compatibility in processing.* Values

stated as "N cases", with the sallest and largest sample sizes given as

"S " and "S L11' can be convertee to percentage-type numbers by the formula:

S (L__ X 100

In certain situations SS ard SL may be so small that the resulting equiva-

lent Derceatage-type value,- for the data point will 1- artificially high if

used alone on a map. Such high values could, perhaps, be suitably marked

* The basis for ;onversion will vary marlpdly, depending upon the

disease-environmental situation. For example: lepios_ is

considered to be "common" in areas where the prevalence is 2%;
a 2% prevalence of dental caries, -.a the other hand, would

warrant the term "uncommon" -- at least in many parts of the

world.
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and not used in further processing so that the resulting map does not dis-

play arrificially high discase "peaks".

The problem of values is further complicated by the fact that type of

value is related to the factor statement accompanying it -- particularly to

the d'tease measure stated. Somehow, the two must b7! checked to insure that

they are appropriate. For example, in the MOD system, "common", would not

be an appropriate value for a data point whose factor stated that the point

was for "number of cases existing during specific time period".

in order to map data points at all, each data point must be assigned

a single, aEnque value. This requirement reflects the concept of a map as

a mathematical surface (X, Y, Z) in three-dimensional space. By analogy

with topographic maps displaying elevation above sea level, it is obvious

that a particular geographic point cannot be, simultaneously, 10 feet and

90 feet above sea level. In situations where two specific disease agents

were tested for, one found to be present but the other not, there is no

conflict with the above statement; two separate data points must be made,

one with the appropriate positive value and the other with a zero value;

The WMD data structu:e allows such data to be recorded on a single data

extraction form since the data input processing programs can automatically

convert these data into one data point with the appropriate positive value

and another data point (same LOC) with a zero value (for the agent found to

be absent).

The MOD data structure is capable of handling both individual-type

(patient/case/clinical) data and group-type (collective/summarized) data.

This capability is provided by use of a value, "I" case, plus such LOF's/

MOF's as age, sex, occupation, etc. for an individual case, and a value,

"23" cases, plus somewhat different LOF's/MOF's to describe the character-

istics of a group of (23) cases.
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4.4.3 UNRELIABLE DATA

Source documents of medicai-environmental data vary greatly in

quality. Because of this, an estimate of the reliability of the data is

highly desirable, and the MOD system approaches this in two ways.

Reliability of the data source, i.e., trustworthiness, is termed

"professional evaluation of data source", and represents a value Judgment

by the data extractor (or analyst) of the source document's author and his

laboratory or institution, as well as the document, per se (experimental

design, methodology, etc.). Even though this eva] -ation will have a highly

subJective flavor, it will be much better than nothing. The professional

evaluation will probably be limited to a statement of "more reliable", or

"2-ss reliable", or "reliability not determined". (A more detailed break-

down of reliability by data extractors has proved unfeasible in our experi-

mental studies.) Some of the factors that would be used by the data ex-

tractor in arriving at his decision are:

(1) Are the data published by a highly reputable journal?

(2) Is the report by an author (laboratory, institution)
of good reputation?

(3) Is the experimental design good?

(4) Were the experimenzs done with attention to detail?

(5) Were the conclusions based upon a broad sample (experience)?

(6) Are there contradictions withir Lhe report?

(7) Are the stated results completely Justified by the

observations?

(8) Do che results correspond with those reported from
other sources?

(9) is the etudy comprehensive?

(10) Do the references cited indicate a thor)Uh background
knowledge?

The professional evaluation will be conqtant for all data points taken from

a particular source document. However, since data points within a single
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source document can and will vary greatly, we have defined Another factor

of reliability, termed "computer evaluation of data 2)Int". Unlike the

former, this evaluation will v.,:y for each data point taken from the docu-

ment. It will be performed by the computer system itself, according to an

algorithm built into the programs that take data into the system. This

evaluation concerns the consistency and completeness of each data point.

It is based upon specific characteristics found within the data point -- no

"judgment" of trustworthiness is involved. For example, one possible algor-

ithm would be to determine if any of the LOF's, on the LOC or VAL of the

data point contained 'T'. If they did, the machine would assign "lass

reliable" to the point; if they did not, it would assign "more reliable" to

the point. Another possible algorithm would allow use of a grading system

to represent computer evaluation, each data point to be given a "grade"

termed "Computer evaluation number ('EN)." With this method, each MOF would

contribute to the total CEN. For example, the MOF, "Time period", could

contribute a maximum of 3 points assessed as follows: if the LOF were a

year or part of a year, add 2 to the running total; if a range of 2-9 years,

add I to the total; if a range of l or more years, add 0; if no ?'s, add 1;

and if ?'s, add 0. Using this method for 12 MOF's, the 6)D study team

developed a Computer Eviluation Number for leptospirosis data such that the

maximum possible CEN - 18, This leptospirosis CEN algorithm was tested witn

actual data; data points which were judged "good" by all members of the study

team tended to have CEN's of about 12, while those judged "bad" tended to

have CEN's of about 6.

These two measures of data reliability can (and ordinarily will) be

helpful in the process of constructing a map since they would indicate

whether or not the data point in question should be retrieved. However,

once the data points have been selected, the matter of "reliability" will

not enter further into actual construction of the map (but can be an im-

portant component of NAR). Data of different reliabilities can be presented

as tdparate output maps if requested. For example, dealing with the same
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-medical-er'ironmental situation and same geographic area, one map could be

based up,),n tinly those data points judged "more reliable", a second map

based upon only those data points judged "less reliable", and a b ird map

based only upon those data points characterized (by professional evaluation)

as "reliability not determined". With the three maps in hand the user

could overlay them to obtain a composite map based upon all, data points.

Then, if he wished, he could "subtract" the "less reliable" and/or V.e

reliability not determined" data.

Of caurse there are many limitations of raw data that cannot be re-

solved in any way shQrt of going back to the individual who made the obser-

vations and asking him to clarLfy or amplify. When the limitations are

clearly evident one can guard against misuse, but frequently the !imitaticns

are not evident to the data extractor, nor to the data analyst, nor to the

compater. The likelihood that such data will be misused is an inherent

limitation to any computerized system, including the MOD system. Consider,

for example, a report stating that the pH in a particular pond was 5.2.

(This information is quite important in the ecology of leptospirosis since

the leptospires can survive ((in an infectious state)) quite well in rjeutrai

or slightly alkaline water, but quickly die in an acid environment.) Th.

particular water sample may have been taken properly, and the pH measured

accurately, yet the data may be seriously misleading. If the pond in

question has a very gradually sloping marshy intake side and a dam at the

outflow side, the pH could vary markedly. Near the dam (certaialy the

easiest site from which to take a water sample) the pH might well be 5.0

whereas on the marshy (intake) side it might be as high as 8.

There are many, many other aspects of "unreliability" that are dif-

ficult to assess. For example, in many of the developing countries where the

major part of the difease data comes frnm sparse medical centers, the impl

geographic distributivi of disease may be quite different from its actual

geographic distributiou since the hospital figures, per se, do not reflect

the source of the patient population.
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44.4 INCOMPLETE DATA

Many highly reliable data are of quite limited use in the MDD system

because they are incomplete -- insufficiently characterized as to time cr

location or factor.

An example of the type of statement trequently fond ii, pubilsneo

papers is: FOUR PERCENT OF CATTLE IN SOUTHERN ILLINOIS HAVE TEPTOSPIROSIS.

This apparently sbraightforward statement leaves many vitally _mportant

questions unanswered:

(1) Over what time period were the data collected?

(2) When were the data reported?
(3) If this is a conclusion from a zo-posite of different

studies, are we certain that r ere is no overlapping?

(4) What. was the size of the sampld(s)?

(5) What irc cattle?

all bcwids?
" limited number of species of bovids?
" limited number of breeds within one species?
just cows?
just mature animals'
etc.?

(6) What was the nature of the sample(s) of "cattle"?

sick cattle?
cattle selected because of the state health

department's interest in certain regions?
cattle selected because oE u-iverbIty studies

being carried out at specific chosen (e.F
cooperating) f6.,ms?

(7) Is it likely that the prevalence was uniform throughout I
southern Illinois?

(8) What are the precise geographic limits of "southern Illinois"? I
(9) What is "leptospirosis"?

(.isease in terms of: I
-- cllnical illness?

-detectable antibodies?

recoverable organisms?
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(10) What was -he inherent accuracy oi the diagnostic procedure(s)?

(11) What was the inherent sensitivity of the diagnostic
procedure(s)?

(1.2) How reliable was the laboratory (or l&oratorie.) that
performed the analyses?

(13) Were the samplee for analyses entirely adequate?

(14) Were the studies which led to this conclusion well planned
(i.e., was the experimental design good)?

(15) If this re:-ort is a summary/analysis of a collection, is it
correct? (i.e., was there an error in Ltanbciiption

mathematical manipulation of data?)

(16) Is this report completely honest (i.e., was there intent
to mislead)?

Sometimes, in papers of this sort, the (professional) data extractor

can infer answers to some of the critical questions, thus increasing the

usefulness/applicability of the data. Often, however, answers to the

questions simply cannot be gleaned from the report, and data that would

otherwise be highly valuable and widely applicable becomes of very limited

usefulness°*

4.4.5 CONTRADICTORY A%. £RRONEOUS DATA

More often than had been anticipated, we encountered contradictory

data in source documents. Sometimes the context Indicated which of the

two alternatives was correct. Othertimes, however, the only way to resolve

the problem was to comxinicate directly with Lhe author of the paper.

• Every effort must be made to see that incompleteness -of data is not

the fault of the data extractor, and we consider this aspect of the
problem in the next section: 5. Data Collection.
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A more common -- and more important problem comes when different

data sources present data that are coiutradictory. Which of the data are

correct is, ultimately, a matter of value judgement.* But the MOD system

should (and has been desig.ied to) recognize contradictory data as incom-

patible. There is only one practical way to recognize such contradictory

data; during the synthesis of retrieved data necessary tor map construction,

the MD system must check each retrieved data point against all the other

retrieved data points. If the LOC and all the LOF's of the factor of the

twn dare poir"- -re identical (not Just similar), and if the VAL's of the

two points are not equivalent, the two points will be deemed contradictory.

The system will either let both points stand (to be combined as the user

directs, e.g., by averaging) or will call them to the attention of the user

(for selection or correction, if desired). Data points which are incon-

siscent with each other, but not specifically contradictory, cannot be de-

tected directly by the system. Such inconsitencies could be found only

by careful examination of the lata file by a biomedical professional.,

Several other kinds of errors can be detected by the computer system

during dala input processing and called to the attention of personnel

entering the data: for example, data points containing inappropriate values,

incorrect LOF's in particular MDF's, and so forth.

4.4.6 SECONDARY DATA POINTS

Published papers nearly always cite work done by other researchers

and, as previously explained, the MOD data structure permits construction

of secondar' dato noints -- points derived from refer -es quoteJ by the

source documtt being extracted. It is highly desirable to include such

The MOD system can help in this Judgment by providing the

professional evaluation of data source" and the "computer

evaluation of .ata point".
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secondary data points for a variety of reasons: the quoted data may be

from a personal comtnication or from an obscure journal, etc., or it may

include the en:planatory comments of an acknowledged authority, or a critical

evaluation of inconsistancies or inadequacies, and the like.

One of the problems with secondary source document concerns duplica-

tion, since more than one author may reference the same paper. Duplication

might have run to 30 percent in our leptospirosis reprint file without care-

ful control.

Secu,,dary source data creates other problems too. It is often quite

incomplete as to data. Furthermore, it represents an incomplete source

document reference. These are reasons why secondary source data should be

replaced when the primary document is extracted. (Evaluative or explana-

tory comments need not be discarded.) This requires that bibliographic

citation be arranged to allow reference in updating such a point when the

primary source is located.

4.4.7 LOCATION TERMINOLOGY

The fact that many relevant papers are written in foreign languages

is another data characteristic that contributes difficulty, especially with

geographic locations. Place names, e.g., cities and provinces, are usually

stated in the native language or in transliterated form. Geographic areas,

(e.g., "Jungle region" or "coastal regiun") are also often given in the

native language, but these must he translated to become explicit. For

example, while extracting data from the province of Bahia, Brazil, reference

was made to "Conquista" and to "Litoral" in a context that suggested they

were of similar nature, but (as we learned) Conquista is the name of a

village, and litoral means coastal. Comparable problems arise when the

same locations are reported in different ways, e.g., St. Petersburg/

Leningrad, Peking/Peiping, Tokyo/Tokio, etc. Of course, once recognized,

many of these can be treated as synonyms. (Others, e.g., St. Petersburg/
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Leningrad are not strict synonyms since they relaL- to different ((hi.&toric))

times.) It is not ,only fnreign languages that cause problems of this sort;

consider Cape Canaveral/Cape Kennedy.

4.5 TYPES AND CHARAcTF:USTICS OF ,)TA SOCJRCES

Four basically different types of data sources are available to the

MOD prolect, these are:

'3.) Published prose summariei (monographs, books, proceedings,
tcc:.nicai notes, etc.).

3.)inpbli.he posesumuares(progress reports, laboratory
reporcF,. letters, Find ((oral") comments, etc.).

(." ',;publiisnied raw data (f ;,-.d notes, various completed
date-collection forms, punched cards, and other items
used while .-Teparing, but not included in, published
papers)..

(4)Published altd -inpublished maps and phot ographs.

The sc-ope of these d~ta sources varies Immensely. At one extreme lie

broad surveys of large regions; at the other extreme~ are detailed, in-depth

studies of small areas or of individual cases.

Ordinarliv~, Th'e li of published prose -iu aries exceeds that of

the other types of data, but this quality v aties greatly, .-: anvone familiar

with modern scien~iflc literature knows. But quality Is a lubjeccive term,

ana what is good in one context may be polor ini another; 'g 'papeis -do

not necessarily yiel~d golod dlta points for the .)D systern. ?'.ere are

ieveral general characteristics of "good" paipers that help tL, explain the

reasons for this apparent paradox.

First, avst good papers suamarize extensive studiles. Their purpose is

to present (and gupport) gene.ril conclusions concerning the disease situa-

tion in a geographical area rather than offer a mass of unprocessed dati

points. Rarelv is all of the data give- tha3t the author coileCrel and on



4. Data Characteristics

which the paper is based -- and it is -sually not possible to infer what the

original raw data was. From previous discussion of the MOD data structure,

it is apparent that raw data (converted to data points) is the most desirable

input to the MOD system. In a sense, the output desired from the MOD system

represents a summary made from raw data -- and a good paper accomplishes the

same thing (thougn not in the same form). Another important reason why "good"

papers may be poor sources of data for the MOD system is that they often

present data in a form that cannot readily be converted to the MOD data point

forat. And sometimes, although papers state data in a suitable form, they

omit one or more of the (six) critical items necessary for the data to be

mappable. Or perhaps those data points which can be constructed are too

sparse to be handled effectively by current mapping procedures.

A general defect of disease literature is that qit lacks environmental

data linkable with specific disease data points. In recent years more

authors have become aware of the importance of presenting relevant environ-

mental data in their medical papers; hopefully, this trend will continue.

But at this time, if only those disease papers presently in our files which

had good linkable environmental data were extracted, most of the disease

data points necessary tu constructing simple disease maps would be lost.

This underscores the fact that disease data points need to be extracted

even though unaccompanied by good environmental data. Environmental data

can be accumulated independently from other sources. Obviously, this is not

optimal, but it is a means to bring together data which bears on the same

prohlem/area.

Ideally, data is collected to meet specific requirements, including

format. This aspect of data is disossed in detail in Section 5.

Once again we emphasize that, no matter how efficient the computer

manipulation nor how beautifully structured the output informationA this

information cannot be better than the input data. Reported variation in

a disease-environmental situation may represent actual variation in that
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d'isease-env vonmentai situation, but it may alsc represent:

* outright fabrication (sometimes politically

inspired)

* incorrect generalization based upon inadequate

daca

* variation in reporting practices

o variation in distribution of medical

personnel/facil- -es

* variation in diagnostic criteria and/or

methods

* a very transient influx of persons from a different

area (perhaps werely o attend tne medical clinic

which was collecting the data).

e etc.

This section has been principally concerned with data characteristics.

Supplementing this general discussion, a consideration of specific data

sources -- narrative as well as map form -- is t be found in the Appendix,

14 - 5.



5Data collection

ABS1C'7PF4 - This section considers

va'.ous data, sources and the ways to

tieect, extract and arranqe data from

those skurces. Data extraction pro-

cedzu--s are described, and several

data extraction folr-,s are reproduced.

Then, with the preprocessed data in

hand_., the methods of entering these

into the MOD system are considced.

"Sound generalization can follow only
aftei the determination oi precise
facts. Data collecting is the Indis-
pensable means to synthesis."

Hans Zinsser
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5.0 GENERAL CONSIDERATIONS

A very large mass of potentially useful data is available to us -- much

more than we can hope to assimilate. We have not forgotten that the primary

goal of the MOD project Is to develop a computerized disease-mapping system

rather than to amass a comprehensive collection of data, but the system must

have substance to work upon. The computer processing capability is but one

side of the coin; an adequate data file base is the other. And the data

that comprises this base must be realistic, reflecCing not only actual facts,

but what kinds (qualitative and quantitative) of facts are available. Further-

more, the development of more effective methods to acquire, s iect, extract,

and 2reprocess the raw data is a crucially important part of the MOD system.

Thus the need for a significant data collecting effort as an inherent part

of the development of the MOD system is clear.

5.1 METHODS OF COLLECTING DATA

There are three basic methods of collecting data:

* Field collection -- This involves direct observation an.,
in a sense, represents the primary method.

a Literature search -- Literature, here, is used in a br)ad
sense to include various written records -- papers, d.agrams,
maps, etc. -- published or unpublished. In a sense, this
represents a secondary method since the data processor is
one step removes from the primary source.

* Combininx groups oi data collected b others -- In a sense
this is a tertiary method since the data processor is two
steps removed from the primary source.

7he MOD project was never envisioned to have a data generating capacity,

and personnel have not been available ior field collection, hence this pri-

mary method of collecting uata was not used (nowever, in the subsection

dealing with data extraction procedures, it will be seen that, through the

development of data extraction 'orms, the MOD system is certainly involved

in, and may have an important influence on field collectiou).
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Literature search was Lhe most appropriate method for collecting data

to be used in the MOD system, and most of our data collecting efforts have

been expended here. Taere were two principal reasons for this: first,

literature search was the simplest and least expensive method; second, and

more important, the MOD system is designed to process available data, i.e.,

data already in existence. The great bulk of existing data is available

from the literature. Obviously, then, we needed to tailor our data col-

lection procedures tc fit this most important data source.

Use of large groups of data collected by others was seriously con-

sidered, and, if this project had been continued to the point of implementa-

tion, it is likely that a po':tion of the data collection task would have

been delegated to an organi,ation such as the Biological Sciences Conmunica-

tion Project (of George Washington University) or the BioSciences Informa-

ti3n Service kof Biological AbstLacts).

Three broad phases can be distinguished in most data-collecting efforts

directed toward literature search. First, source documents containing rele-

vant data must be collected and their contents sufficiently defined (briefly

abstracted or summarized) so that they can be filed appropriately. This is

the data acquisition phase. Second, the pertinent data contained within the

source documents must be extracted (i.e., removed) so that it can be mani-

pulated. This is the data extraction phase. Third, this extracted data

must be put in a form (2reprocessed) suitable for entry into the computerized

information system -- and entered, This is the data entry phase.

The precise mechanism selected for data collecting should depend upon

the nature and extent of the data sources, and what resources are available

for data collecting. A logical system, which meets the MOD project's

(initial) needs, is shown in Figure 5-1. It begins with collection and

filing of data source documents by MOD in-house data-acquisition personnel

who conduct coutinuing, comprehensive surveillance of the literature. Data

extractors, (who could he medical and/or graduate students, employed
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DATA SOURCES ACQUIRED AND FILED
(BY RESEARCH LIBRARIANS AND DATA
CONSULTANTS UNDER DIRECTION OF
DATA-COLLECTION MANAGER)

~ DATA SOURCES READ AND DATA
E :TRACTION FORMS COMPLETED
(BY DATA EXTRACTORS)

(DISCUSSION
AND I
CORRECTIONS)

DATA EXTRACTION FORMS
CHECKET 'EDITED
(BY DATA ANALYST AND
DATA CONSULTANTS)

L

EDITED DATA EXTRACTION
FORMS KEYPUN ZHED
(BY KEYPUNCP OPERAT,-.'

PUN,.-. L CARDS ENTERED INTO
MOD SYST

T 
'M. CHECKED/EDITED

BY SYSTEM, AND DATA LISTED

FOR FURTHER CHECKING
(BY DATA ANALYST) I

L (COR. ECTIONS

CORRECTED DATA INPUT CARDS
ENTERED INTO MOD SYSTEM
AND STORED IN MOD DATA
FILES

LjjjuPe b-l A xuggested pattern

of data collection for the

I

MOD system.
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parttime) read the source documents and extract pertinent data from them by

filling out data extraction forms tha* were specifically designed to obtain

mappable disease-environtmental data. The completed data extraction forms are

checked, edited, and corrected by a semi-professional data analyst in co-

ordination with appropriate biomedical professionals who serve as data

consultants. Then keypunch operators prepare data input cards, directly from

tLe data extra,, ion forms. Finally, the data analyst has the-d cards listed,

checks the listing, makes appropriate corrections, then enters the cards into

the MOD computer system. The organizational chart shown in Section 9

(fig. 9-2, p.9-7),indicates the personnel required tor this method of daL

collection.

5.2 DATA COLLECTION ACTIVITIES

Major efforts at data collection, related particularly to data extrac-

tion studies, have concentrated on leptospirosis. (The reasons why lepto-

spirosis was chosen have already been discussed -- p. 1-10). More than 4,500

selected references have been collected, approximately half of which have

been abstracted. These source documents were acquired through personal

inquiry, bibliographic searches, and a continual surveillance of selected

periodicals (professional journals), under the direct supervision of

LTC William H. Watson, Jr. (DVM) VC, USAF, Chief of the Geographic Zoonoses

Branch of the Division of Geographic Pathology of tine Armed Forces Institute

of Pathology (AFIP). (For more detailed information about data sources see

the Appendix.) These leptospirosis data served as the basis for setting up

the MOD source document storage-and-retrieval system and greac ly influenced

our thoughts in designing the MOD data structure, the factor catalog, the

uata extraction forms, and the computerized data files.

Data collection and extraction, on the scale that we have discussed,

is a long, slow, tedious process. While this aspect if the program was

developing, we sought a readily limited "package" of data which would allow

us to begin work on defining and assembling data points, and producing maps
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from these data points. Such a package was obtained from data published by

Malek (in Studies of Disease Ecol2SX, edited by May, J.M., 1961), relating

to schistosomiasis in South America and Africa. Although these data are

limited in their extent and are no longer current, they have been very

helpful to us. Use of these data has provided valuable insight into both

cartographic procedures and problems in data structuring.

As the MOD system design progressed, it became necessary to test

further some of the computer-mapping programs under consideration. Data

required to make these tests had to be readily available in a simple stand-

ardized (preferably tabular) format and, in addition, it had to be rather

uniformly and densply distributed over a relatively large gecgraphic area.

The National Communicable Disease Center rupplied us with several sets of

unpublished data on rabl-s in the eastern U. S. that entirely satisfied

these requirements. Unfortunately, support of the MOD project terminated

before full use could be made of this material, although it did serve its

immediate purpose, and several maps have been produced from it. For the

same reason, i.e., termination of support, we have not taken full advantage

(b; far) of the extensive leptospirosis data that we have acquired during

the past two and a half years. This collection has fulfilled a very im-

portant purpose, however, and will serve effectively as a major component

of the data file base if and when the MOD system is implemented.

5.3 DATA EXTRACTION PROCEDURES

Once the data sources have been collected and organized, the task of

extracting the relevant data from the scurces begins. When the MOD project

began, we did not realize the extent to which this would pose unusual prob-

lems. However, the further our work progressed, the more apparent it be-

came that data extra~tion/preproc:ssing presented problems that were far

more complex than could have been anticipated in the beginning. Some of

these problems have been encountered by other groups,but more often avoided

rather than resolved. Sume of the importa.-c problems in this area have not
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been encountered by other groups so far as we can determine, probably be-

cause no one else has attempted to develop the kind of system which MOD

reprer-ents.

Our basic approach to solving these data-extraction problems has been

through a group effort, involving both data-processing and data-collecting

personnel. Repeated attempts to extract and put into consistent form the

data on disease and euvironmental factors contained in selected representa-

tive data sources were carried out, until, linally, the extracted data were

in a form acceptable to the data processors as well as the data collectors/

analysts. As a result of th's extensive trial and error method, general

requirements for data content/format were f-rmulz~d, dIIU L,1is has been one

of our most important accomplishments (largely due to the efforts of Dr. Cuffey).

Our first major problem was that no generic terms existed which en-

compassed disease-environmental data. Thus it became necessary to construct

a general data-analysis vocabulary before we could communicate effectively

in relat±on to the disease-environmental data which we were attempting to

extract. This data-analysis vocabulary includes definitions for and dis-

cussion of the interrelationships among such vitally important terms as

"factor", "common elements", "value", "data point", "map", and "narrative".

The second major problem was to specify precisely what items of

disease-environmental information were pertinent to our major objective:

the production of disease distribution maps. This led to the development

of -" catalogue of disease-environmental factors that could be used by the

MOD computer system in producing disease-environmental factor distribution

maps. These two aspects of the data problem are discussed in the preceeding

section and (at least) the material contained in pages 4-4 through -13

should be read before considering the details of data extraction.

We have found that many of the data available for processing are in-

complete in one way or another and, often, professional judgement/inter-

pretation (sometimes extrapolation) must be carried out if the data are to be
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usable. Narrative print-out, tc accompany the computer maps, will r~twe these

interpretations, arid source document numbers will be available upon request

should the user wish to consult the data source. Some of the data will be

of very limited use because essential lactors (which must ha,- been known

to the author) simply aren't recorded. These problems are numerous and

serious (as dis-cussed in t1hc p receeding section), but we must do the best

we can with the iniormatici available.

Extraction form design is the key to successful data extraction. The

d. velcpmerit of extraction forms hac proved to be exceptionally difficult

becaus e of the extremely va-ving content of the data sources, coupled with

the requirement that the data must relate to a consistent, geographic 311v-

oriented format.

initially, efforts at designing data extraction forms vacillated be-

tween the 1 e of free-format and fixed-format styles. The disadvantages of

each were usually more apparent than the advantages. Our earl%, experience

led us to discounL tne use of fixed-format data within the com.puter data

files, and this bias carried over to design of the fo'-ras. This was pri-

marifly beccilse whenever fixed-format data is recorded, the resultinis system

b~ecomes limited.

',e have come to "the view that "lhe freer the format of extraction, the

less clearly ev.ide;.: who t data is desfied. In addition, the freer th- for-

mat the longer it takes to extract the data f rom a paper, and the more

difficult it becoms to frfor-mat: the data for computer entry. Even more

Important, there will be a greatt r loss ot potent iallv c; efu' d-ita. A more

rigid format Is better, primari ly because, even though the Ii ter. ture is

extremelY varied, a biomedical person can translate effect ively manly o-f the

variations into correspondeniccs using a r -ew standard items that will ul t -

mateIF be easier to-, query. Also (as a corollary of the zstatements aboutl

reer format) , the shorter and simpler the data form, the more data poincs

are lieto bc extracted, there)-, ensuriic. a more us;eful output.
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Fixing the format of a data form in no way limits the computer proc-

essing. The data form is designed solely to guide the extractor as to what

data is desired, and to insure uniform data extraction. For example, one

data form can be designed for leptospirosis, another 4or schistosomiasis

while still another can be used for certain environmental factors. All the

data can go into the same data file for computer procissing -- and all the

data (assuming that has been properly formatted) is miscible (and, obviously,

usable in an almost infinite variety of contexts).

Data forms were designed with careful consideration of the MOD data

structure and catalog of factors, and in consultation with various bio-

medical and data-processing professionals. The forms were then tested

(actually us;ed with source documents), modified as necessary, retested, etc.,

etc. until they appeared to be both effective and efficient. By requiring

(some) items to be recorded in a fixed format rather than "natural language",

simple codes were utilized, on the forms, to facilitate keypunching. Further-

more, these codes were constructed so as to allow the computer system to

perform certain kinds of error checking of the input data. The latest lepto-

spiLoqis data extraction forms are given (Fig. 5-2 and 5-3), also forms

that were used to record schistosomiasis (Fig. 5-4) and rabies (Fig. 5-5)

data. One example of an environmental data extraction form, shown in

Fig. 5-6, was used to record dita relating to the geographic distribution of

certain small mammals (particulaily important to understanding the epidem-

iology of leptospirosis). Another type of environmental data collection

form, shown in Fig. 5-7, was used in compiling a file of published maps

dealing with environmental factors of southeast Asia.

Our tentative scheme for handling the collected, selected data is a

three-stage process:

(1) Data extractors (necessarily with biomedical
background since value Judgements are required)
will fill in relatively simple data-extraction
forms. These forms will be submitted to a

-- continued page 5 - 17
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data-analyst(s), who, with the help of data-
consultants,as necessary, will check (edit)
the forms

(2) The data analyst will transcribe the data from
the extraction form to a more rigidly formatted
(intermediate) form.

(3) The intermediate form will be converted to
punched cards for input into the computer system.

Elaborating upon phase 1 (above), the data extractor first obtains a

suitable source document (ordinarily from the MOD data source sto- ge-and-

retrieval files). Then he skims the document, selects blocks of pot# tial

data points, partially fills in several forms (with items common to several

points), and, using a duplicating machine (e.g., Xerox), makes a number of

copies of each partially completed form. Using Xeroxed forms and unicolored

pencils can save much time because of the great number of duplicate entries

required to extract many data points from one source document. An alterna-

tive possibility would be to enter all the common items for each document on

a single master sheet, and to provide a reference by which the data points'

forms could be connected to this master sheet. Since most documents contain

several groups of data points for which several master sheets would have to

be constructed, we have fouad it more efficient to make duplfcate copies of

partially completed forms during the data extraction.

Next, the data extractor carefully goes back through the so,,rce dcu-.

ment and completes one data form for each data point. He then adds "othel

LOF's/MOF's" (and NAR) . necessary to ensure that each data point i3 ade-

quately and completely defined. Finally, he talks with appropriate data

consultants to resolve any remafning questions about particular data points.

Based upoa a relatively small but diverse and representative sample

of data source documents, we have found that approximately two papers, each

averaging 10 pages, can be extracted in d-pth by one data cxtractor in a

day. With training and experience data cxtractors could certainly work

faster than this, but not a great deal faster so long as they extracted
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(virtually) all oi the significant data. Obviously, there are far too many

disease-environmental factors described in the published literature to

extract all, or even most, of them. The most rational approach is to be

selective: to extract in depth only for highly relevant factors, and

(unless there is particular reason not to) restrict attention to those items

which are necessary to construct data points (as described in Section 4).

Data points with many qualifying LOF's/MOF's may be used so seldom in re-

trieval and mapping operatiouis that their value is not worth their cost.

These two methods of approach, coupled with careful selection of the source

documents, .ill help with the data volume dilemma, and still provide suf-

ficient kinds and numbers of data points to make computer ptccessing worth-

while. We have mentioned before that a large volume of environmental data

is already published in map form and that computerized maps of the type we

are discussing can be made to fit with (e.g., overlay) a published map,

obviating the need to extract and process that data which hai already been

mapped. The use of secondary source documents (compiled data) and aata

presented in tabular form would also materially reduce extraction require-

mants.

In the discussion of time and effort involved in data extraction we

have considered primarily the average time required to CLract "representa-

tive" source documents, but the source documents vary enormously. Some

short papers yielded as many as 50 data points; others, of comparable size,

yielded only one. Furthermore, the structure and the language of source

documents can make it difficult (and tin- consuming) or easy (and relatively

quick) to extract the data necessary to produce data points.

Based on our experiences, there will be considerable personnel prob-

lems among data extractors. Extraction efforts are very demanding and

fatigue develops far out of proportion (seemingly) to the work actually

accomplished. Furthermore, we observed lack of day to day consisten'cv in

the type of data actually recorded on the data extraction forms. The task

is very boring and it is easy for the extractor to become distracted. In
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our eKperiences several people, each working part-time, were better than one

working full-time since this reduced boredome and the frequency of distrac-

tion. Some consistency is lost, but,on different days, the ouLput of a

single extractor was as inconsistent as that from several different extrac-

tors. It seems likely that but a small proportion of persons waill be found

to have the psychologic and intellectual qualities necessary to become

excellent data extractors.

Many problems appeared during our attempts to develop data extraction

techniques. Those that relate to data characteristics, such as incomplete-

ness and unreliability of data points, assignment of .,alues, accirate speci-

fication of disease measures and samples involved, and precise statement of

the geographic locaLions of data points, have already been discussed. The

great variation in quality of data sources, as well as in the numbers of

data points extractable from single source documents, have also been con-

sidered. Perhaps the most important difficulty lies in the fact that much

of the material in a typical narrative paper is not mappable. Moreover,

that material which is mappable may require the extractor to read large

sections of the paper and then piece together -- using professional judg-

ment -- the few disconne' :ed fragments of critical data, floating in a sea

of words that contribute no data but yet, somehow, seem necessary for the

paper to be understandable. Extracting data is clearly not a simple matter;

there is no automatic procedure by which narrative sentences can be con-

verted into computer-mappable data points. Putting it another way, "data

processing" (at this level) becomes heavily involved with "communication

science" and general semantics.

In sunRarv -- our expe-iences with data-management in the context of

this comprehensive program have exposed complexities of a degree that i

could riot -ave anticipated. It has bucome clearly evident that the moct

0ritf,,CaZ factor .r mani? inI UZ campute'r outj" t o! *ht, YOL 8,8ysm Le

the ' t diata. The so'rces of the iata are readitz
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c ata. These problems relate to:

(i) Highly varying source document content (requiring

development of a data-analysis vocabulary and a
factor catalogue to establish common denominators).

(2) Higi,ly varying reliability of raw data (requiring
a systLm for defining reliability and, on occasion,

validating data).

(3) Necessity for continual changes in and additions
to the data base file (making unusual requirements

for editing and updating).

(4) Lack of a generic vocabulary encompassing medical-
environmental situations (related to item #1).

(5) Inherent complexities in the data which make it
difficult to specify a standardized procedure(s)
for the extraction, editing, structuring, and

storing of the data prior to computer input.

(b) Data file design problems due to complexities of

the data in generai, its great volume and the
large number of interrelationships among the
specific data and among descriptions associated
with vocabulary/definitions after computer input.

But turning to a more positive view, our effo, -s have resolved (in lArge

measure) most of these problems. The evidence for this is In the form of

computer produced medical-environmental i:iaps. maps derived frc:. d,,ta th1at

were collected, extracted, and input in the manner described in this section.

5.4 DATA INPUT OPERATIONS

The Last phase of the MOD data collection process involves tran:;ferring

the data contained on t!- data extraction forms into the A)D comr.lter svstem

data files. The basic procedures for this are illustrated by an actual

example a- shown 1,i Fig. 5-8.

The data extraction forms filled out by the data extractori ire first

examined, edited, and corrected, if necessary., by a data ana,;st. this

person, functioning as an intermediary between the data extracLion! personnel
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and the computer system, must be familiar with both biomedical and auto-

matic data processing matters so that he can detect (and correct) erronecis

or inappropriate data poinc- values, inconsistencies and errors in data for-

mat, unallowable LOF's in particular MOF's, omission of critical items in

the data point records, and the like. Questions Which the data analyst can-

.iot resolve will be answered by the data consultant.

The data analyst then gives the edited data extraction forms to key-

punch operators who punch the data directly into standard 80 - column punch

cards. These cards have been chosen as the input medium for thle MOD system

(as discussed in tne section on computer system rEquironments) primarily be-

cause of the flexibility which they provide in all phases of data processing.

Compromise is inevitable in selecting the form of the input. A natural

or problem oriented language is easier for the data processor to use whereas

a fixed-form input format is easier for the computer to handle. A proper

compromise is one in w.,ich the k~nd of language input format developed best

suits the total procedure, Arriving at this proper compromise represents a

critical step since an inappropriate selection would lead to much dcli-y and

costly duplication of effort. Before we took this critical step a number of

trials were caLducted, and these involved use of fixed-field and varzable-

length records, numerical codes, alphanumeric: (mnemonic) codes:, and

tially natural language-type stateMenltS. We concluded tihat intorrliatio-,-

appearing on thle data input cards should be in a fixed format -- partly

fixed card-column, but mostly fixed order and punctuation. C1he " dat a i n P.1

card formats art, discussed In detl later in connection with data1 prOCess ,1Lnj.

operations.) because relativeiv little date has 'eell 'key punc he-d ae.~

toI the full data point ."c)-.at developed for the IVUJ isstem_, we c:alliot give

precise estimates of the effort re. uiredJ to procesis lar~v numtbor:. ;f d"atA

extraction torms.

Thie next, step In the Jata input procets is fr tun, data analys t

input the punched cards to the lk\D cc>:~ system. The svstem= reads tho



cards, performs the kinds of error checking lur wnieh it i s p r ovr mme d,

prints cut a listing showing all _-he data cards and also indicates the

errc.7s found.

The data analyst carefully examine& th' listing "or possible errors

of the kind which the system cannot detect. He kcorrtect the errors which

he finds, and tho~e Lwhich the stemi noted, by repuncldn,s ippropriate Jata

input cards.

Final) y, the data analyst puts the corrected deck of pnhdet

bac" into the computer systeim-. The system reau;s t caras and stores their

contents internally In its various files.

At thl., point, the ollecting task-; are completed and the com-

puter system is prepared, so far as its data file base is concerned, to

manipulate data in response to query.

, ;e emp!, Istze once again the importance and difficulty of the researc' -

ef fort that has bevn iecessarv to process the raw data -ire tht.,; r a.

the compute2r. Uiout adequate and proper.Iv t ormat tt&ip~~

output is impo i_ ble. 1-ht- oldi term, GWexprestses CThe sf* ca t io:. well

garbage n/rxieout



S6Computer system requirements

SABSTRACT - This section reflects
the Sstem anal pase of the MOD

project. Ha-ving esta.blished output

requirements, and having chatrzctex-

z.ized input, the hariazre and software

necessaj to operate he system are

specified. The Genera l considerations

portion of the section is directed to

those who have little background

knowledge of computer science/tech-

nology, and attempts to give a basic

orientation.

"He who desires the ends desires the means."

Ramon Y. CaJal
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MAPPING OF DISEASE

6.0 GENERAL CONSIDERATIONS

A broadly based automated system designed to study the geographic

distribution of infectious diseases will succeed, as previously stated,

only if computer techniques can be effectively applied tc it. Tht basic

aspects of computer systems which are to be presented here will (hopefully)

give insight into the applicability of these systems to the MOD program --

and the problems involved in making the application.

The electronic computer is one of the most powerful tools man has

ever devised. It is being applied to evaluation or control of more and

more areas of man's environment -- economics, science and technology, in-

dustry, and education -- to accomplish tasks which were formerly con3idered

beyond the scope of human ability, or which -3quired an ever increasing

staff of people to accomplish. In addition to these many new tasks, all of

us hope that the computer will provide a means to free us from mundane,

repetitive tasks in the performance of many of the old tasks.

In the final analysis, however, the computer is recognized as just a

tool -- a tool to be manipulated not by man's hands but by his mind. Engi-

neers have built into computers the capability to perform, but it is the

programers who actually cause the computers to perform. This combination

of engineering and programing talents is integrated within the computer

system as a latent talent. It is the user who actually supplies the motiva-

tion (in a sense) by presenting the problem to be solved.

The computer contains a control unit which allows It to sequence from

one operation to the next while processing a large stream of calculations.

Numbers stored in the computer represent either data or instructions and it

is the programer's task to cause the computer to act on the numbers in the

correct manner. The fact that both arithmetic and logical operations are

possible has permitted computers to be used in a wide variety of applica-

tions. The single characteristic which has contributed most to their popu-

larity, of course, is the rapidity with which they perform complex as 1

as simple operations.
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6. Computer System Requirements

Perhaps one of the most important contributions of computer technology

is that it has forced man to stAte problems in entirely logical terms so

that the computer can solve them. The opposite side of this coin is that

any problem that can be stated logically or expressed in terms of mathe-

matical equations can (in principle) be solved by a computer,

'Ach of the informetion presented in Section 6.0 is elementary and

aimed at bio-medical personnel who have not had occasion for even an

elementary consideration of computer technology. Those who are computer

oriented are advised to turn to Section 6.1.

The computer performs storage and retrieval functions in such the

same manner as a human being or a calculating machine. The computer con-

sists of large blocks of equipment ("hardware") containing many transistors,

tubes, and other basic electronic components. Most computers are organized

to handle five basic functions: (1) input, (2) storage, (3) control,

(4) processing, and (5) output. Before solving a problem, the pertinent

facts and data must be inut (by aeans of electro .chanical devices such

as card or paper tape readers, keyboards, etc.) and stored (on tapes, disks,

drums, cores, etc.) much as a human being gathers facts and stores them in

his b-ain. Once stored, a control section selects dp-, one item at a time,

and processes it in its arithmetic element. TK. control function is simply

the means of following instructions precisely as programed. The computcr

must be instructed (programed) every step of the way. Results are useful

only after they are output (displayeA bY a printer, plotter, cathode-ray

tube, etc.) or re-stored (back in memory, punched on -ards, or comminicated

to remote devices) for later use.

We have mentioned that the computer must be programed to acqeire an

ability to solve problems, This is because it i- impractical to build a

computer capable of interpreting the wide variety of instructions that a

human being could understand. And this is the reason that computing procedures

are broken down to a relatively few different types of instructions, Hence,
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MAPPING OF DISEASE

the general plan of action written out (or encoded) as a specific set of

operational instructions may be loing and involved, even for an apparently

simple problem. (Programs are commonly referred to as "software" to

differentiate them from the computer "hardware".) We have also mentioned

that the computer operates on numbers, both as data and as instructions,

however, the computer does not use the familiar decimal system (with ten

digits), but, as a rule, uses a binary system in which there are only two

bits: C and 1. (The next number larger than 1 is, therefore, 10.) These

characteristics, which make the computer so extremely flexible and versa-

tile, also make it necessary for all actions tc, be defined in great (pre-

cise) detail. It is because of this that a major part of the humav' work

involved in solving a problem on a computer is in preparing the program.

Frequently, many man-hours are required to prepare for a few minutes of

actual computer operacion.

Because programing directly in machine language is tedious as well

as time consuming, computer manufacturers supply (with their machines) pro-

grams that interprct so called interim languages (which are much easier for

the programer to use), programs that convert this interim language program

into a michine language equivalent program. A simple example is the

assembler which translates sequences of characters into other sequences of

characters and, in so doing, puts together, iJe., assembles, a program.

For example, the characters "ADD", representing the function of addition

in the programer's language, can be changed into the binary configuration

(which might be "111011") that actually causes the computer to perform

addition. In a sense, the assembler is acting as an interpreter. But this

still leaves the programer many tedious operations. To provide further

relief, more sophistIcated methods have been developed. These methods us"-

ally involve a higher levLl interim language, approaching more closely

natual English. Such language is then interpreted by a special program

that translates it into a machine language, going beyond the one to one

stage since several commands may have to be specified for each input
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6. Cowputer System Requirements

language expression. A program of this sort, wnich produces other programs,

is called a comiler.

Since computers are designed for a variety of uses, ordinarily, no two

computer manufacturers (often no computers of different type produced by a

single manufacturer) produce machines which use the same internal codes to

represent commands, thus a program written in an assembly language for one

computer will not operate directly on another computer. This is another

reason that higher lerl laiguages have been implemented on a variety of

computers. (As we have implied, they also permit faster and more efficient

programming.) There are several higher level languages, since problems fall

into reasonably well defined categ-ries, each of which requires a different

method for solution. For example, languages for mathematical applications

have been developed which are quite different from languages for business

applications.

Today, techniques for producing computers are far ahead of techniques

for -ing them. The technique of step-by-step coding of programs is waste-

ful of time, money, and personnel. Soon, perhaps, the computer itself can

be directed to do much of the work of coding, i.e., automatic coding of

programs will be possible. But until that time comes, we must accept the

fact that it is time consuming and costly to produce computer programs.

Because of the intimate relationships between software (programs) and hard-

ware, a critically important part of system design is the selection of

hardware. Of course the equipment must be capable (if meeting task-require-

ments, but it should also be of such design as to minimize the amount and

complexity of software that will be necessary to operate the system

6.1 HARDWARE REQUIREMENTS

The basic considerations in determining computer hardware requirements

are:

continued next page
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MAPPING OF DISEASE

(1) The overall amount of data to be stored and the
required frequency of access.

(2) The amount of data which must be considered at the
same time.

(3) The method by which the data must be processed.

(4) The form in which the data must be input.

(5) The form in which the mutput is desired.

(6) The cost (including that oi the required software).

6.1.1 OUTPUT DEVICES

Output devices are a primary consideration since the MOD systE is

centered around output, and we shall consider these first.

The input-output equipment of a computer is sometimes referred to as

peripheral. If operated and controlled by the computer itself, it is on-

line; if operated independently of the computer, it is off-line. In rela-

tively slow computer systems the peripheral equipment is frequently on-line,

but, to avoid holding up an expensive fast compuLer for time-consuming in-

put-ouput operations, off-line techniques are often used. Any of the three

output devices described below can be operated either on- or off-line.

(1) Line-Printer: In essence this is a very large rapid typewriter

roll that prints an entire line of at least 100 characters, virtually at one

tim,. In any case, the entire line is composed within the controller prior

to printing. While a line-printer is relatively fast (up to 1000 lines per

minute), it has a limited character set (usually fewer ti~an 64), and prints

letters only in upper case. It can, however, produce a rough map conven-

iently, rapidly, and inexpensively , since almost all computer installations

have access to a line-printer. In addition, the line-printer prcvides the

most advantageous way of generating hard-copy reports directly and rapidly.

(2) Plotter: This is a marker pen of one color ink, a group of pens

of various color inks, or a scribing point) that is mounted on a self-propelled
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6. Computer System Requirements

movable stand which draws patterns on drafting material (blank or gridded

paper, or drafting plastic, or a pre-printed base map). Plotters may be

operated on-line, but to conserve computer time, are more commonly operated

off-line (by a magnetic tape produced on a computer, then taken off the

computer and put onto the independent control unit of the plotter, which is

separate from the computer). Plotters tend to be relatively slow; they may

take up to severai hours to draw a moderately complex map, however, they

provide the highest resolution maps. A plotter commonly is limited to draw-

ing straight lines from one point to another, nevi-theless, it is a very

flexible instrument since any curved line can be composed of multiple short

straight line segments. Furthermore, lettering is easily performed since

characters may also be composed of short straight line segments. Plot size

is the primary limitation of plotters. One type, called a flatbed plotter,

employs a flat drawing board with sharp limits of both width and length.

Another type, called a drum plotter, utilizes a cylindrical drum around

which the drafting material is wound; width is limited but not length. A

plotter in the low- to medium-price ange should be capable of providing

finished maps, including legends, up to 30" in width.

(3) Cathode-Ray Tuv e (CRT) Display: This is a vacuum tube, similar

to a television screen, in which a beam of electrons can be focused to a

small point on a luminescent screen and varied in both position and in-

tensity to form a pattern. A CRT operates on principles entirely similar

to those which have been described for a plotter, but an electron beam is

substituted for a marker pen and electronic control is substituted for

electro-mechanical control. Whereo the plotter produces hard-copy output

directly, the CRT screen -must be photographed to obtain a lasting image.

The CRT is very much faster than the plotter, but offers considerably less

resolution (at its present stage of development). Furthermore, the cost

of a CRT capable of meeting MOD output requirements would be prohibitive.

Present MOD requirements can be satisfactorily met by using a line-printer

to provide rapid map output -- for an over-view evaluation -- and by using

a plotter to produce high resolution maps when these are required.
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NAPPING OF DISEASE

6.1.2 INPUT DEVICES

Input devices are of secondary importance, but important, neverthe-

less, since there is, potentially, a very large volume of data to be used

in the MOD system, data which will cover all pertinent disease/environmental

situations. Input devices (as are output devices) are often off-line to the

central computer system; a medium such as magnetic tape serves as a . inter-

mediary. The critical problem of input lies with the conversion of raw

data into a form that is acceptable to computer input devices. Input of

queries into the MOD system is a closely related problem and sufficiently

similar that a solution of the one should also satisfy the other. Poten-

tially useful input devices include:

(1) Optical Character Recognition (OCR) Device: This is a device

by which text can be read directly from documents and automatically trans-

lated into machine language for direct input to the computer, OCR would

be of great advantage if entire reports were to be read, but in the MOD

system, scientific papers are only the background material for preparing

data points. Extracted data (recovered throughout the eu,.ire paper) must

be converted to suital e computer input. Transcription of the extracted

data could be accomplished by typing the data with i special font type-

writer for optical reading or by keypunching the data onto punched cards.

Either of these methods seem preferable to the use of OCR devices -- at the

present time. (The high cost of OCR devices and the present rat'ier limited

state of the art were also considered in arriving -t the above conclusion.)

(2) Punched Paper Tape Rearier: This is a device for converting

information on Itaper tape, punched or otherwise marked, and transfering it,

one character at a time, to the computer. Paper tape is a reiatively old

and well standardized medium that was developed to permit more efficient

use of the telegraph line. Tapes could be produced by a typist, at the

typist's own rate, and the information contained on them transmitted to

and from punched paper devices at tat maximum rate of the transmitting and
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6. Compu:er L5y8 tern Re4jirernnts

receiving equipment. Holes punched in a moving strip of paper represent

alphanumeric characters. Mutiple channels on the paper tape (usually

eight) are read simultaneously, permitting an entire character to bc read

at one time. Punched paper tape has been adapted to computers and is used

extensively, particularly in less expensive systems. The paper tape reader

is the least expensive type of input device.

A major disadvantage of paper tape is its inflexibility. Once it is

punched, alterations, including insertions, is rot possible. Correction is

possible as the tape is preparpd initially, but this does not suffice for

the tD system since there is need to modify data as it is input and proc-

essed. Furthermore, the paper tape does not offer the "unit-record" capa-

bility provided by other input media, and this would be a serious limitation

to the MOD systeu.

(3) Punched Card Reader: This is a device for sensing holes punched

in cards and translating that information into a form a-ceptable to the

computer. For our purposes wo can limit the discussion of punched cards to

the widely used 80-column IBM punched card with its Hollerith coding repr--

sentation. Zhe punched card well reflects the unit-record concept. Each

card contains 80 coluns kchat.cters) of information which can b, altered

without affecting the other cards in the complte record. ihe physicel

characteristics of the card facilitae sorting, collating, and other data-

handling operations. Because punched cards have been in use for a long

time ksince the late lSOO's), much auxiliary non-computer machinery has been

developed to handle them, e.g., keypunch machines, designed to record data

on a card in the form of punched hols, in response to in operater who

sti ,es tie appropriate keys of ,- typewriter-Iike keyboard.

t4) Digitlzer. rt.is is an cai-to ita. converter device

thicn the operator mwvs a pontersensor along a c:'rve ,.r to a point cii the

drawing board and presses a Iut ton-, whereupon tne digiti zvr -achine read";

the (X,Y) coordinates of the sensor, transm ,tt .; these directlv ;nto the
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computer or ont- another medium (e.g., punc.hed cards or magnetic tape,.

The Army Map SeL ~rt .-nd the Bueau of tY Census both utilize digitizers

in their work. In the MO~D system, digitizers could be quite useful in

translating data from existing maps into computer form for use in sub-

oequeat processing.

6.1.3 STORACE DEVICES

All computers have a rapid access storag, device, usually randomly

accessible. It is in this primary, i.E., min, storage device that program

instrucuons and data are stored and from which instructions are retrievedI

by the control unit anwd executed. 4ain storage is of Interest only in that

there is a nmm~m requirement (to be discussed later) for the MOD synt-em.

In addition to the computer's main storage, auxiliary storage devicesI

ustr be provided in which HOP data of all types will be filed. Auiliary

storage has a muc-h greater capacity, than main storage, however, the informa-

tion is le±ss rapidly aci~ssible. T1hree of the various types 1,f auxiliary

alturae de . ces are described below.

1.1) 4agnetic Drum: is a rapidly rotating cylinder whose ouiter

surface is ccoated ~ihmagnetic mate"i~il. It provides moierately rapid

raniom-access storage. It is expensive.

k2) 4axnetilr- Disk: is a stack of rapidly rotating flat disks,

having their flat surfaces coated with magnetic material. It provide- a

moderately rapid, randoa-accebs storage It Is moderately expensive.

(3) tf~jcl I ap is a steel c- plastic tape coated with Mag-

n~etic ma .erial and wo~und -~n a reel. It provides slov sequential-acesn

storage k(however, data can be arranged initially -- by c:ard-sorters -- or

later -- by the cemputer itself -- so that long, slow randoz searc-he& will

seld~m be necessary. It is inexpensive.



6.1.4 CENTRAL PROCESSING UNITS (CKPI

The central processor (CPU) of he computer Lyste -) . .jy consists

of the main storage, arithmetic u- t, control unit, and special .. 3ister

groups. It is the principal unit of the co%,ater; it controls the proc-

essing routines, perfc>j the arithmetic functions, and maintains a quickly

accessible memory, The design characteristics of a computer are most

aoticeably reflected by the CPU. CPU considerations of the MOD system which

affect the selection of a computer deal with the processing commands (steps,

designed Into the computer, the processing speed, and the 'nput-output

interfacing. Some Lomputers are much more appropriate t-:an others for solu-

tion of partialar problems, due to the amount of mait memory and the in-

ternal processin6 speed (influenced by the complexity of the machine

commands). The amouxnt of input-output performed can greatly Influence

operation unless tethniques are provided to avoid interruption of processing

while input-output operations are performed.

6.1.5 AVAILABLE SERVICES

There are thre.' ,avs in which the W1JD project staff could satlsf its

computer requirements

(1) Purch3se is owr. computer.

:( Rent or lease :i computer to be ini-talled on
the A-YIP pre'i.;es.

(3) Rent time on a computer installed on another
organization's premises (either a nearby

government agency, or a cooperating
university auch as tlie Univr-rsitv of
Illinois). The Computcr Sharing Exchange
(part of t',e Geperal Services AdministratIon)
maintains a record of all government computers
in the W~ahington, D.C. area on which time
,fould be available at a nominal cost. Com-
puter manufacturr8 also represent a potential
source of computer time in the Washington,
D. C. 'ea.

I



6.2 SOFTWARE REQUIREMENTS

There are several types of languages available for use in programming

the SJD system. The choice is somewhat depeadent upon the computer hard-

ware selected because marty languages have been implemented for only a

limited number of compute:s. In general, low level, or assembly languages

will not be used, as the time and effort involved in programming in these

languages is greater than that requi-ed when a more universal compiler

1an 'uage is used. The most widely used and generally applicable of the

higher level languages are described belog.

6.2.1 AVAILABLE LANGUAGES

Each of the available languages was developed by an individual or a

group to satisfy a very general need in a particular t),Z of application.

It is for this reason - we mist consider several of the higher level

languages. These languages are procedure-oriented and machine-independent.

None of these languages can be executed directly by pre.en_ computers with-

out first being "processed" into machine language, but this is their ad-

vantage. This design allows them to be implemented for a variety of con-

puters with basically no changes in the language itself.

(L) ALGOL: was developed in Europe to be an internationally accepted

procedure for designing mathematical, engineering, and scientific problews.

Comatible standardizatio. and understanding of problems and procedures to

be used with or without comp,!ters were the primary obiectives in developing

ALGOL. The language provides precise instructional statements and ways of

expressing problem-solving order and procedure. The ALGOL language (or

abridged subsets of it) is currently available for a limited number of

computers.

(2) COBOL: was developed by a consortium of computer manufacturers

and users (including groups within the Federal Covernment). It grew out of
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a desire for a language that would be a "shorthand" for computer instnuc-

tion, yet derived from English. It resemble- English, so the programmer

can work with it easily without having to learn many special symbols and

codes, and special rules for using them. Instructions written in COBOL are

sentences that are meaningful even to the casual reader. The COBOL language

is capabie of describing business pr'-lems of many kinds and can easily

specify the basic steps recaired to solve them.

(3) FORTPA N: was developed by IBM and is presently the most widely

used lnguage for scientific problems and programs. It was developed in

the United States in parallel with ALGOL (in Europe). Both languages are

attempts to provide a programming language similar to everyday mathema-

tical notation so that engineers and scientists can avoid the repetition

and drudgery of machine progranmwing -- and both succeed. Newer versions

of FORTRAN include features formerly available in ALGOL alone. The gram-

mar, symbols, rules, and syntax used are, for the most part, easily learzd

since they f 'low conventional mathematical and English-language usage, but

the instructions must be explicit.

6.2.2 AVAILABLE SERVICES

'here are two ways in whiich the MOD project could obtain the services

necessary to implement the re:-iired programs:

(1) Hire its own programming staff.

(2) Contract the programming tasks to a

professional data-processing

or ,anization.

6.3 CONCLUSIONS

The MOD system's output can and usually will be in the form of maps

drawn off-line by an ink-on--paper plotter. For making int.rim maps, a

high-speed printer or a CRT-mlcrofilm plotter could be used, however,

because of the limited selection of characters available on the former,
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and the li-ited precision (on a single plot) of both, maps produced by

either of these devices are likely to be of significantly lower quality

than those produced by an ink-on-paper plotter. Other ovtput media are

either inapplicable, too inflexible, too slow, or too expensive for our

pirpcses.

Out of the vast aray of possible input devices, it seems most

practical for the W)D system to adopt the widely-used punched cards and

magnetic tape for input. chough possibly, 4igitizers -&y prove useful to

input data which is al:eady in nap form. The nearly universal use of

puncded cards uid magnetic tape has resulted in a substantil bcdy of

equipment and experience which will be of great value in handl.in i

two input media, The other media are not applicable i th1 vrfojec be -

cause they are not sutticiently flexible, or tonl: i w, or not sudfi-

ciently developed to be practical at this time.

At Present, we beileve that sequentiai--access (magnetic tape)

storage will be adequate for ut.e MOD system initially (in addition to the

direc .- aL5ess maia storage element of the computer itself). Later, however,

it may prove ;'ecirable to add random-access (preferably magnetic disk)

storage to the system. The size of main memory is a such more important

factor in mapping requirements than it is in data storage and retrieval

requirements for the following reason. In order to construct contoured or

shaded onaps a grid must be employed. A very general trend map can be pre-

pared by utilizing e 10 x 10 grid (100 points), alternatively, a fairly

detailed map can be prepared by utilizing a 100 x 100 grid (10,000 points).

Since each point consists of three values (X,Y, and Z), and one computer

word is required for each value, main memory must contain at least 30,000

words to produce a "more detailed" map. This requirement, plus the main

memory requirement for storage of the computer program itself, brings the

total main memory requirement to approximately 50,000 words.
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6. Compuer Sys tem Requirer rnts

The tasks to be performed by the CPU in the MOD system are primarily

of a logical rather than a mathematical type. While speed is not a prime

factor in the information storage and retrieval tasks, it is a factor in

the processing of the hundreds of thousands of data points which are re-

quired in mapping. This means that the computer selected must represent

a compromise between one designed for information storage and retrieval

tasks (usually a small, slow L.achine) and one designed for general scien-

tific tasks (usually larger and faster). Alternatively, two types of com-

puters could be selected -- one for performing the information storage and

retrieval tasks, the other for performing the mapping tasks. (During the

ea.rlv efforts to implement the MOD system, this alternative methcd was

_6 z6 tdr d dntage.)

The computer time used in the design and implementation of the MD

project was, for the most part, rented on available computers or obtained

(gratis) from the Computer Sharing Exchange. Time was rented from the

Control Data Corporazion in order to use their contour mapping program sys-

tem. (We used the CDC 3600 and 160-A cor-tzzern and the CalCoup 564 plotter.)

We weze permitted to use several grovernment computers on a non-interference

basis, including the IBM 7090 of the Strategy and Tactics Analysis Group

(STAG), the IBM 7094 at the National Aeronautics and Space Administration

(NASA), the IBM 7090 at the Naval Command Systems Support Activity

(NAVCOSSAC), and the CDC 3100 at the Naval Oceanographic Office (NAVOCEANO) --

and we are most grateful for this opportunity. Computer programs were pro-

vided by the Kansas Geological Survey and NAVOCEANO. Some maps were produced

for us by the University of Michigan on their IBM 7090. We also wrote some

of our own programs, and these were used at NASA, and NAVCOSSAC, and at the

AFIP computer center (which contains an IBM 360/30).

Software requirements can be met by any of the systems described,

but there are other factors to be considered -- see 6.2.1. For example,

ALGOL is perhaps the least available language (in the United States, but
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not in Europe). COBOL is an easy language in which to work, but does not

have the scientific capability of FORTRAN. On the other hand, FORTRAN

has a rather limited data processing capability, especially the versions

implemented by IBM. CDC FORTRAN has perhaps the best overall capability

for programming the MOD system, but is only available for CDC computcrs.

Most programs which we borrowed or purchased for map construction were

written in FORTRAN. (The exception was at the University of Michigan

where the MAD language is used).

We have utilized both methods of obtaining programming services:

by hiring H.M.Kline, a computer analyst-programmer, and by contracting

with Planning Research Corporation for programming (as well as for

system analysis and design).

Conclusions frou system analysis indicates that the MOD computer

system should be capable of performing the following functions:

(1) Input and edit data.

(2) Generate dat files employing the input data.

(3) Input and edit queries.

(4) Retrieve disease/environmental information from
the data files base(! on the query set.

(5) Perform high-speed sorts.

(6) Calculate, using mathematical functions.

(7) Generate commands for an automatic data-
plotting device.

(8) Generate auxiliary hard-copy (printed reports).

(9) Display contents of any portion of the d'ta files.

These requireiaents indicate tlat - medium- to large-scale computer

is required for the final system. Design sLudies have shown ways by

which an Lnterim implementation can be carried out on a small-scale com-

puter (such as the IBM 360/30 at AFIP), requiring only map generation to
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6. Computer System Requirerfents

be performed on a larger-scale system (suth as the IBM 7090), because

existing programs require such a computer configuration. It would be

posfble to convert all programs developed for such an interim system

(if they were written in COBOL or FORTRAN) into a common system for use

on a large-scale computer. An off-line plGtter can be used to produce

all maps -- and such plotters are readily available in the Washington

area.
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1 7 Data processingI!

ABSTRACT - This section reflects

the System diq phase of the MOD

sys&em. It considrs in 4etaii the

various subsys tems:

Sto> .ge subsystem
Retrieval subsystem
Synthesis subsystem
Output subsystem

discussing their seructure and -heir

function. Flow diagrams arr vresentd.

a discovery is nothing more than the union
of two or more trutV. to a useful end."

Ramon Y. Cajal
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MVAPPING OF DISEASE

7.0 GENERAL CONSIDERATIONS

Data Processing is commonly defined as the "re~rrangement an, t_.fine-

ment of raw data into a form suitable for further us'" or "an- p c-dk - f r

receiving information and producing a specific result" (b Dp'. 19o .

Automatic data processing is 'data processing performed by , sistem of le

tronic or electrical machines so interconnected and interact 4 as to i,-

duce to a minimum th- need for hum-n assistan..e or intervPnrtion" (D, %a-

tion, 1966, p. 40) Thus Data Pr, essing includes all operarl - ne ia. v

to produce the de ired output (r~sults) from the available input (Aata)

utilizing the selected c nptec iardware. These operations ihdude what -er

manual interfacing with .1ht, co ?uter Is required to input dqta, corre, tlinns,

end requests into the syst a. ,s well as tho-c tasks which can bL oerfo. :d

by the machines under the di, ct on of suitable in~ernally stoitL- ,-ogr-.

The information storage and retrieval (IS&R) pcrtions of tne WI) sys-

tem had been completely designed at the time when work on the project 'as

terminated. Because of this, the techniques for buil!i:'g, stc. ing, main-

taining, and retrieving the MOD data could be specific,, d'spite sonr un-

resolved input and output problems, since these lattet asj ts are iniepei..-

ent of explicit input and output considerations once the " ,ntial element,

of a computerized system have been determined.

In the MOD system the essential element is the foripulation )f data

points, an important part of wiiich consists of a LOF/M01 sti cturt, For tht

purpose of MOI) data processing, LOC, VAL, and NAR of a d.<a point c n all be

treated in essentially the sam- ma nner as MOF,'s. These data points asst be

stored and retrieved in ,he MOD system re irdless of the mainner ii, which

extrinsic problems may li ,er be resolved. i.reovcr, all of the possibie

mapping problems which might be encountered In ising the WD s/stem cannot

be anticipated -atil an attempt is mede to produce m.ips by usitng actual .M)D

data. In particular, the acceptability of existir.:: computer mlppifng methods

and programs cannot be ascertained a priori. The t,)F!I+OF structure of the

K
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1. Data Przocessin

input (and implicit in retrieval re ests) is open-ended, not only to afford

maximum flexibility to the system, but also because not all pertinent de-

scziptive elements can be predicted at the outset.

In tie MOD system it is anticpated that additions of new MOF's and

redefinitions of existing MDF's and LOF's are quite likely. Precis? require-

ments for such restructuring will become apparent only when actual data are

used as input into the system and real retrieval attempts a-e conducted.

Therefore, in a modular approach to the design and implementation of the

entire MOD system, the IS&R subsystems represent a logical building block

and test tool for the remaining facets of the system.

Because of this, the following sections provide detailed design speci-

ficatioas for -he Storage and Retrieval Subsystems while the Synthesis and

Output ubsystems are treated in a more general fashion. The descriptions

of the first two subsystems contain specifications for their immediate pro-

Sram design and implementation. These subsystems have been designed so that

sL bsequent modification to them should be unnecessary. iowever, the ration-

ale for the techniques and methods utilized in those subsystems are given so

tLat if ciianges seem desirable it will be easier to evaluate their feasi-

biklty -- and complexity.

The designed system is applicable to either a magnetic tape or disk

(.,'mputer configuration. but special considerations were given to the ad--

di fonal processing which would be required In a tape system since, during

the design phase, it appeared that system implcmentation would be with uon-

rand,, : access files.

he formats for the various input cards are provided not onl" to com-

plete tlie design specifications of the Storage 4nd Retrieval Subsysttms,

buL also 1% order that the data can, if desir. d, be collected And trarq-

cribed onto -ards sim ltaneousiy with future program development.

I 7 -I
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Two functiong of the Dictionary.File are so intimately involved in t1'e

synthesizing operations necessar-y to produce reports and maps from MOD data

that discussion of these functions is deferred ..nti. the . nhesis Sub.-ystem

't, described, although these t---o functions - gazetteer and grid - coui i also

be considered logically 2inder the Storage Subsystem.

One of the most importdnt prc,.ams to be written eventually is a

conLrol program which will coordinate the operations of the various kiD -Aub-

systeamz. This control program will read all the control, infoiuaation and

deterueii the proper subsystems9 to be called in at the aj~propriate times.

It will minimize possible procedural errors (and the necessity for computer

operator intervention) and maximize efficiency of total system operation.

Design of the control program will be based UnOn L~t- finlshec, subsystems,

for which reason t~is program will be the last one to be designed and

implemented.

The varius components of the MOD system design are graphically -;Ur---

marizcd in the overall functional chart of the system (Fig. '.1.

Conceteexamp ar rvifled wiherever possible to demonstrate an(I

aMpIL-fy the abstract discussion. These examples are accurate and realistic

for illustrative purposes, but chev aro not aecessarily exhaustivtly c-

plete, lest thv~v become unuianazeatie .

7. ~RAGE SUBz'YST:h

7.I 1AT N OUT CA RD S

Th2 data contained on the data extrac:tioi or ms ire cntered i~ito 0t-

WDP system by means of punc-hi.d car&;. An at c~m-t tklas bee;r made to all-w th-e

da ta to be keypunched as ft appeart, on thi~s eratmt or. wIth as few

additional instructions to the kvypunU-" op erators4 a-4oiho The prc-

printed WlP designation, Inciuding 11ts -;urrc~.~dn pSethss Pe ~hd

for each M)F util izeci. (These parentheiises makes the cirds more readable
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DICTINARYDICTIONARY

DECTIONS STORAGE
~NT ~i~SSUBSYSTEM

DAT N

DATATA

SUBSYSTEM d R

FigurFI7E

MOD compute
system~ flwRDOT

diagram.

MAP
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Punched card bearing, for the LOF !olatton from urine" to the MOF

"Method of diagnosi. " the LOP cod% nrmbr deatr-Atton

5 8 which consists of

jIL- Checksum (I uhn) Dtgit

MOT Code Digit

LOF R eorence Nu-.ber

W rage Subsystem verifies that 8 a& the proper MOF code digit tor this
partic-ulsr MOF by checking Dictionary File

Storage Subeystem changes the numner 581 by uvnj the programed

algorithn substitute-value- substitute-vae-s u ubitcto -etc, and the

prstored tsbe

Actual I
Val"ecf 0 3I 34 S 6T 7 $9
Digit
Nuinbe r
to be 9 7 6 54
Substituted

subatitut.. tiuc- substitute

Storage Su bsysterm adds the digits of the new number 488 together

(4 - 8 , 9) to obtain -m of ZO.

Figure 7-2 Manner in which

preprinted IO code numbers e. j evstb , -

function in automated validity mup.

checking during MOD data input.

If sutoi not a multiple of 10,
If our is athe numberToe deemed invalid

multipie oT 10, I or incorrect, a.d is rejected
Ref. No. 5 Is doeemed i and output a..an error.

li and i . --stored

in MD Dta7ile



Luvmjal Vtitficatit ,.) Each L.F associatel with this MOF is then puotched

as it appears on the data form. A listing of some "0i) data input cards has

already been given (Fig. 5.8).

LOF's may appear on the extractic for,, as preprinted code nuLers,

written numeic quantities, written code numbers, and is written textual

spellings. For those MOF's containin, LOF's which are numeric values (i.e.,

Iquantitative" LOF's), the numerals are always handwritten on the form,

However, for MOF's which contain an open-ended set of predefined LOF's (alpha-

betic or "c.alitative" LOF's), the LOF's may appear either as the preprinted

reference number appearing on the data form, as an additional reference num-

ber supplied by the data analyst, or as the textual spelling of the LOF

written by the data extractor. In order to minimize the possibilicy of other-

wise undetectable keypunch errors, the preprinted LOF numbers actually con-

sist of the LOF reference number, a MOF code Jigit, ind a checksum (Luhn)

digit; this is shown in Fig. 7.2. 1c, those MOF's whic, may be specified by

several LOF's, (whic, hereafter, are called multi-LOF MOF's), the LOF in-

dications on the data form will contain preprinted commas which will also be

keypunched onto the input cards to separate these LOF's. For MOF's which

must be specified by a single LOF (wlich, hereafter, are termed single-LOF

MOF's), there will be no preprinted commas. Vague or questionable data may

be marked with a "?" on the data extraction form and such question marks

will be keypunched immediately after the pertinent LOF's.

These data input cards, which are tj be used for both initial data

ently ai . .equent clata i .intena,,ce, nave the follow.. iormat:

- see next page -

7 -7



V
ird =ritif cation Field card columns 1-13

Data Point Number

Year of Extraction 1-2

Month of Extraction 3-4

Day of lxtraction 5-6

Extractor's Identification (EID) 7-9

Data Point Number (that day) L 12

Card Type (if required) 13-13

Data Field 14-80

The data field contains the MOF and LOF data in free form, hence it

has no predetermined subfields. Blnks not embedded within a textual spell-

ing of a LOF are optional between entries. Thus any card euld contain only

one MOF ard one LOF, or as many as eight MOF's if each MOF contained only

one preprinted LOF code designation.

Althotvgh one cid can be punched without special instructions to the

keypunch operator, special instructions are necessary to handle continua-

tion cdrds for a data point. These instructions (rules) also reduce the

amoun, of preliminary processing required:

(1) Each card nust contain the data point number

and card type in columns 1-13.

(2) A LOF must be entirely contained on a single

card (whether r meric, code reference number,
or textual spelling).

(3) If a new LOF of a p-viously destgnate d F

is to be placed on a different input card, the

. r designation must be repeated.

These requirements limit tihe length of a LOF to 62 characters (67

characters in the data field minus 5 characters for the MOF designation).

As shall become evident, this size limitation proves convenient for the

Dictionary File. Note that, for input purposes, NAR (narrative) of a data

point can be treated as another MOF -- but the "M0F" for NAR has no size
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restrictions. It is suggested that each narrative ird contain a continua-

tion c.rd number in the data field immediately pre( ding the MOF designa-

tion (i.e., starting in card column 14).

File maintenance cords have the same formt. as the oriinal data cards.

The type of maintenance to be performed is indicated '- the card-type field,

ra coluua 13, by the following codes:

D - Delete all MOF~s indicated on the card, or if
no MOF is indicated, delete the entire data
point record.

R - Replace the LOF's of the indicated MOF with
the listed LOF's. This operation is a strict
replacement; if only one of a series of LOF's
for a MOF is to be changed, all of the im-
mutable LOF's must also be indicated on the
replacement card if these changes are to be
effected ia one computer pass.

A - Add th, designated LOF to the indicated MOF.
If a LOF already exists for tvis MOF, the
new LOF will be added to the existing LOF('s)
if the MOF may have several LOF., . A blank in
the card-type field is ,tilize on initial entries.
Each card, obviously, caa contain only one
maintenance code although several MOF's may be

specifieu on the one card.

Frow this it is seen that all data cards contain a MOF designation in

card columns 14-18, with the possible exception of narrative (NAR) cards.

All types of cards may contain as many or ae few MOF'5 and LOF's as are

ent with the rules given for continuation cards.

Normally, file maintenance and creation of a given data Doint will be

performed at separate points in time. However, if several types of entries

are processed at the same time for the same d!ata point, they will be con-

sidered in the following order of pocedence:

(1) Delete; (2) Replace; (3) Add; (4) InitiL. Entry
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7 ._ Z DATt, FJLE

All of the MOD input data which has bein accepted by the MOD system

are stored in the Data File. This file consists of one logical record for

ezach data point. Each record contains the data point number and all MOF's

and LOFts which pertain to that data point. Even in coded form these data

are quii'e variable since there are common and optional MOF's, since somc

MOF's may contain several LOF's, and since the data may include an unspuci-

fied amcoun of narration (NAR). For these reasons it is impractical to

utilize fixed length records for a d-ta point.

All OF's (except m~tevial aopearirg uner t-he narrative NAR) ..'

be represen,:ed in the Dp'a File by numbers. A '" will be appended to any

LOF entry fo which the input data was so markea. The actual values of

quantitative LOF's will be used, however, as shall be seen ii the next sec-

tion, qualitative LOF's will be represented by a code nuiiber the size oi

which depends upon the nmher of levels in its generic tree slructure.

Each LOF raist be associated with its appropriate MOF. This could be

accomplished in several ways, e.g., each LOF or group of LOF's could be

immediately preceded in the record by its MOF designation. There is a

serious disadvantage to this solution because thr entire record would have

to be searched to lociue any given ?CF. A more desirable method is to

create an index within each record which would establish the relative lock-

tion (within thz record) of dhe first LOF for each MOF. This would require

theft the length assigned to each LOF be provided since 12ngth varies from

MQ- to MOF, The index itself could be either fixed or of vailable length

since not all MOF's are present in each data point (but sufficient loca-

tions could be set aside to proiede for all presently defined MOF's in the

index). A fixed length index would reduce somewhat searching requirements,

however, many programs of the MOD system would have to be updated in order

to process a new index structure when new MO,'s were added to the diction-

ary. Because of this complication wc have chosen to make the Index
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7. /)ata Processig

variable and to -ztnist of the MOF designation, relative qtarting location,

and length of LOF code for each MOF.

In general, the MOF designations will be arranged in alphabetical

order in the index, and the LOF representations will also be sequenced in

this MOF order. The narrative (NAR) should appear last in the logical record

and, perhaps, even in a separate physical record. It would be desirable to

place certain fixed-length single-LOF esgential MOF's (e.g., the geograpL'-

cal location (LOC) and the value (VAL) or the data point), in a fixed loca-

tion within each data point record for facility in sorting and other mani-

pulations. 1t this were ucae i, would not be necessary to include these

MOF's in the index.

7he format of each data point logical record can then be described as;

(1) Data Point Number -- fixed location, format,
and length.

(2) Predetermined essential MOF's, LOC, and VAL --
fixed location, format, an( .- th.

(3) Record index of other MOF's -- fixed starting
location and format, but variable length.

(4) LOF's -- variable starti'ng location, format,

and length.

(5) Narrative (NAR) -- variable starting

location, format, and length.

Design ,f the MOD system has been based largely upon two diqe;' e

"models" for reasons discussed in Sections I and 2. However. virtually an

unliwited number of diseases could be processed by the system. T-is woulu

require only design of new data extraction forms and the selection and defi-

tiou of new MOF's and additional LOF's (even for previously existing

MOF's). There would seem tc, be no requfrem-nt for nmaintai[ltug a different

dictionary for each disease although it might prove desirable to place

different disease daLa in separate data files.

7 - 11



As in the case of diseases, aii almost unlimited veriety of environ-

mental data could be processed by the MOD system -- with appropriate new

data extraction forms, MO's, and LOF's. The present system is capable of

4rawing environmental maps, but ll seldom be used to do that. Instead,

the scale and projection of MOD-produced disease maps will be adjusted to

correspond with those of existing environmental maps so that the one may be

readily compared with the other. Environmental factors extracted along with

disease data will be considered1 only with the data point for which they are

incl-ided as MOF's hence their output capacity (under these conditions) will

be restricted to retrieval functions. However, a data file of eavlronmentai

factors could be built from either or both the input disease data and that

derived from separate environmental data extraction forms. Environmental

data points generated by the former means id contain the a.ssociated

medic 1 data point number; those by the lattcr would not be associated

directly with particular disease data points. In additior, it would be

possible . produce single environmental factor files by echniques which

would digitize existing maps.

From these considerations it is evideut that ,nvironmentai maps could t
be produced from the MOD data files in which each data point wa,; obtained

from environmental data (if present) or disease data. In a reLrieval which

incl:jded both environmental and disease conditions, the user could specify

that only those factors explicitly aqsociateu with the disease should be

considered. On the other hand he could broaden his retrieval to include

corresponding factors from the environmental files or even those from other

disease files.

As an illuttration of the foregoing, if the Data File contained

internal codes equivalent to the follow~ng data:
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bU68&JDSOO4 (LOC) POPE COILLINOIS
(VAL) 2
(TIB) 621225O.
(TIE) 630228

SEA N X 42E

(TO D*) MORNING
(SSZ) 10
(LSZ) 17
(SDA) L. GRIPPO, L. BALLUM
(MDC) ISOLATION FROM TISSUE
(NAR) TRANSMSN POSS PREDATION ON FERAL HOUSE-!*U Sr

TITERS: LRALLI1:l00
670828JDS005 (LOC) JOHNSON CO,., ILLINOIS

(VAL) 12
(SDA) LEPTOSP IRA

then the fol-1owing cardsa:

6708 28-DSOO 4R (TeD) DAWN, DUSK (SSZ) 9 (SEA) WINTER
670828JDS004R2(NAR) TITERS: LHYOS-1. 1000; LBALL-l: 100
670828JDXX)04A(SDA) L. HYOS
b70828JDSO05D
670829JDSO0J1 (LOC) MASSAC CO., ILLINOIS

(.TOD) AFTERNOON, DUSK - aZ<i8etefaiZt

(LSZ) 37
(SDA) L. CANICOLA

67u8;'8JDS004 (LOC) POPE CO., ILLINOIS
(VAL) 2
('rIB) 62-12-25
(TIE) 63-02-28
(SEA) WP"R
(TOD) DAWN, DU SK
(qsz) 9
(LSZ) 17
(SDA) L. GRIPPO, L. PhALLt2N-, L. HYOS
(NAR) TRANSMSN POSS FREDATION ON FER.AL HOUSE-1CJJSE

TITERS: LHYOS-sl:1C(G, LBALL-1: 100
670829JDS001 (LOC)N MASSAC CO., ILLINOIS

(kVAL) 5
('rIB) 63
(TOD) AFTERNOON, DUSK
(SSZ7) 37
(LSZ) 37
(SRA) L. CANICOj.A
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7.1.3 tl.CTiONARY FILE

The Dictionary File is the cencral element of the P)D system. It is

the link which connects input data to stored data .o retrieved output data.

This tlle contains the dictionary of t-rms which are allo-'ed as bcth data

descriptors and query descriptors, thus the dictionary is also a bridge

between the environment of the medical doctor and tne environment of the

compk .t t .

A logical record in the Dictionary File coptains descriptors for a

comjlete !WOF, i.e., both the MOF descripti.on and all its associated LOF

descriptions. The MOF description consists of the complete English lang-

uage description (long form) of th: Mt)F, and the abbreviated description

(short form) consisting of three letters, e.g., Specific Disease A.gent: SDA.

The LOF ocscription consists of the English language description of the LOF

anC the LOF code number.

In order to keep the internal data consistent, but to allow freedom

of syn-lymous expzession externally, synonyms ana variant spellings can be

Incorlorated in the lictionary Filc. Variant spellings will be corrected

as the data is i;ipuit so that all printouts will contain the preferred form

of each LAOF. Synouyms are keyed to the preferred form, but are carried

Internally with their rwrn identifier. This permits a query on a group of

synonymous terms or on Lhe specific term requested (call e d synonym lockout).

As a further convonitce to the query requestor, ter,-, which tall within a

category are vitomatically ¢..wided, This is accomplished by neas of an

internal tree structure of terms. For example, a query oi "mice" would

yield data on .,ridae, also on each of the memb,,rs of the family: ALs

muaculus, tityf , etc.

The Dictionary File contains all of the MOF's and LOF's wihkch hae

been defined for the ;WD system ind has been designed for either magnetic

tape or disk storage. A 40F is considered as d.efined in the lt'D system if



'X-0

tiue DiCLiorary ij" oirlains record for that MOT. MOF's should 'Le so de-

f ire6 that no MO1 ronains both quantitative anid qualitative LOF's. A quai-

tative for numerc-I) LOE is considered as defined if it. has a valld rrimeric

valu e. A qu,-litative \or alphabet ic", LOF is considered as def'Ined if the

dictionary contains a LOF entry for it.

A MOF record includeb thp re-.xal p,!-',ng of the MOE name and its

(short form) *QF designation, it a n), tas q-,anitarive hOE's, the MOF

record will a-,sc conta~a a-, indication of the type of edit checking to which

its LiE's are cc. be subIccted. The validity of dates and ranges can be

tested in rnm.wrtc LOE's, 'Af a MOF consists ot qoalOitatlve !,u7's, the kVF)

7ecord will also contain the MOF code digit. iwiich "s a-ssoclated withl each

LOr number on the data extraction form.

For qua litative MOF 's there will be a record fcor ,ch LOF thlus far

defined ln the ,ystem_ This record will]. contain an in-dtca. of thle 3truct-

ural i-elatiot-hip of the LOF to all other LOF's with the kVF. These, rtila-

tionships cc: ,sist of gerierik tree level-;. synonyms, and varfian spellings.

Eacii LOP wtF r a AOE) is assivned areference number. Thsnumber, whiimt

is vrcyided 6v ict ionac:v 111 Ilistifiogs, and used in u pdaf tog, aipears On the

diata extraction form along with the .11T code d igi t an-,' a chcksuz digs t. 1-.e

,,truj.ura. re'lt tonships are indiated by the LOP code u- r Thhi code

llberis CnO~ile 0_ of ref erzonce no nbe rs * one t or e a- trtee *w Cl (tlic ret -

rene c mb rsor e ma . 1 ~a" eac:t i o ghor tree evel t lu t-, rut r

en r_- 1m1bek 0 1 LOT 1 tt sef) Int addi tion, anothier re e rencu rtno ~lr s

u fse d l or sy non Y-, e csi t i on. 1-, a Co)de ouiMber consst of t Si

ref e rencc ma mbe rs , the ilengtii of the series heinog onie grteater E.!. m the totql

nuxaber of iev'-is In toe)dven MOE . Aithough va sn pvli hogs ate, separatke

entries, ti e: arc 'is S 1icd t U Sa- rV rVI- Ve 1 ec MW ume r .. , e l 1 or wtc

,nev are a 'ariant .

The vxpl!e it to rrat oA toie ID ttiona ry Fit will!l, of -on r -C, depend

*Ipon the computer seltected ald :~e Jaa a LI," ' eXternal; strAgf dev Ie. i



any event, the filie should be structured to facilitate input and retrieval

of the data even though this will require additional processing within the

dl cionary.

Since the inpuL data ,ill include both reference numbers and words,

random scarchlng within a MOF record can be eliminated if both an alphabeti-

cal orde (for the words) and a numeric order (for the reference numbers)

are maintained. This method will also be helpful in processing word LOF's

of the retrieval requests and reference number results of the retrieval.

These two sequences qithin the dictionary can be maintained on a disk by

separating the LOF records into two seccions. The alphabetical order records

would contain the LOF word and reference number; the numeric order records

would contain the reference number, the code number, and an index number to

,...icate the location of the related alphabetic order record. (There would

only be one numeric order record for all variant spellings of the same word.)

In this way utilization of disks is minimized. If the Dictionary File is

maintained on magnetic tape, both records should contain the LOF word and

code number, and in essentially the same format of LOF word, reference num-

ber, and code number. To minimize the amount of trocessing time require,

they should be kept in different (physical) fil .

The order of the MOF's themselves, within the Dictionary Fila, is

somewhat arbitrary, however, two important factors should be considered.

, rst, the Dictionary File maintenance cards must eventually be sequenced in

the same order as the Dictionary File. Secondly, on tape, it would be most

convenient to place together an entire set of LOF's common to more .han one

MOF. (Perhaps the order of MOF's included on the data extraction form could

be arranged to facilitate this.)

The following example, which illustrates the internal structure of a

MOF, will also serve an example of MOF construction. (The synthesis

section contains a somewhat similar example, but deals with geographic

locatio-is.) In this and following examples, brackets "[ ]:indicate variant
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spellings and parentheses ( ) indicat synonyms.

Consider a MOF, "Primate groups involved i-, study (PS)", composed of

sevpra! LtF's -rrdnged in the following tree-structure, ;n which the under-

lined LOF'E are to be added to the ,UF:

i~c.hwr Priv.i:t, s LO~'.eF F',7 ate-'

Ca.a rrhini C a! t rin C aar i i 1 o-n; Tasioid- a T ia~
(Old Wcr!id AntOrt r ---I---

ongd;,e -on ae- (',r-opiheci,,,e ijapal~da C 'biae
(Simn.idae) S~n idac
(Great Apes)
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On magnetic tape, the MOF, (PGS), would appear as follows:

MOF DESC 40MF TEXTUAL Sf-LUNG #ENTRS LVL CODE

(PG S PRIMTE GROUPS INOLVED IN STU'ODY 13 3 2

(G) LOF TEKfL;AL SPELLUNu- LOF CODE # REF #

JPG CAIARHINI 1 2 0 0 2
(PSN TVARRHI! 1 1 2 0 0 2

(PGS) CEBIDAE 1 8 10 0110
(PGS) CERCOPITHECIDAE 1 2 7 0 7
(PGS) CRE-AT APES 1i 2 4 6 6
(PGS) HAPALIDAE 1i 8 9 0 9
(P(s) LEMIROIDEA 11 12 0 0 12

(PGS) OLD' WORLD ANTHROPOIDS1 2 0 3 3
(PGS) PLATYRRHINI 1 8 0 0 8

(PS OGDE1 2 4 0 4
(,PGS) PONIAE 1 2 4 0 6

(PGS) PROSIET 11 0 0 0 11
(XPGS) jSIMIIDAE 1 2 4 5 5
(PGS) SIMIDAE 1 2 4 5~ 5
(PGS) jTASSIOIDF-A 11, 13 0 01 3

NULMERIC ORDER

(G) PRIMATE GROUPS INVOLVED IN STUDY 13 13 2*

(PGS) ANTRROPOIDEKA 1 0 0 0 1
(PGS) CATARRHINI I

(PGS) CATARHINI 1 2 0 0 2*
(PGS) OLD WORLD ANTHROPOIDS 1 2 0 3 3
(PGS) PONGIDAE 1 2 4 0 4
(PGS) PONGIIDAE 1 2 4 0 4*
(PGS) S1MIIDAE 1 2 4 5 5
(PGS) SIM1DAE 1 2 4 5 5
(PGS) GREAT APES 1 2 4 6 6
(PGS) CEEfCOPITHECIflAE 1 2 7 0 7
,PGS) PiATYRRHINI 1 8 0 0 8
(PGS) HAPALIDAE 1 8 9 0 9
(PGS) CEBIDAE 1 8 10 0 10
(PGS) PROSIMI 11 0 0 0 11
(PGS) LEMUROIDEA 11 12 0 0 12
(PGS) JTASSIOID1EA 11 13 0 0 13

*These records could be eliminated from the numeric order file.

7 -18



/. Data Proceasir

If the Dictionary File were maintained on a disk file, the alpha-

betical order records for any YLF would be similar to those for a tape

file with the exception that the MOF designator would only need to appear

in the MOF description record. The numeric oyder records could contain

an indication of the location of the textual description of the LOF rather

than the description itself, and would appear as follows for the MOF (PGS):

1 1. 0 0 0 1
3 1 2 0 0 2
9 1 2 0 :3 3

11 1 2 4 0 4
15 1 2 4 5 5
6 1 2 4 6 6
5 1 2 7 0 7

10 1 P 0 0
7 1 8 9 0 9
4 1 8 10 G 10

13 11 0 0 0 11
8 , 12 0 0 12

16 ii 13 0 0 13
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MAPPING OF' DISEASE

After the four new (underlined) LOFts wcre added to the KU, (PGS)

the Dictionary File would include the following four new recom. (inP both

alphabetical and numeric order) in ; tape system:

(PGS) CATARINI 1 2 0 0 2
(PGS) HIGHER PRIMATES 1 0 0 14 14
(PGS) LOWER PRIMATES 11 0 0 15 15
(PGS) TUPAIOIDEA 11 16 0 0 16

The resul,,t n-criz order section of 4e .OF, (PGS), would appear is

follows in a disk system, where th" location references have been changed

to reflect additional LOF's.

1 1 0 0 0 1
4 1 2 0 0 2

12 1 2 0 3 3
14 1 2 4 0 4
18 1 2 4 5 5

7 1 2 4 6 6
6 1 2 7 0 7

13 1 8 0 0 8

i 8 9 0 9
5 1 8 10 0 10

16 11 0 0 0 11
10 11 12 0 0 12
19 11 13 0 Q 13
9 1 0 0 14 14

11 11 0 0 15 15
20 11 16 0 0 16
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7. 1.,4 DICTIGNARY INPUT CARDS

Dictio-narl File building and maintenance consists of the fol3rw-, g

operations :

S'P Construction (or Reco.struction) -- the entire
Dictionary File, or a set consisting of several
of Its component/MOF's, is constructed or re-
coastructed to correct gross errors. In addition,
entire new MOF's are incorporated inrn the
Dictionary File by this method.

ip -- nev LOF's are added to MOF's already
existing in the Dictionary File.

CorrectJion -- a LOF or V4F is deleted or has its
verbal de~cription changed.

A single card format has been destgned to proces& all of these types

* of file maintenance. This format provides uniformity in the coding of all

di-Ctionary cards and allows for the recreation of the entire Dictioiary

File, utillzing all existing cards. The same format is also used to generate

the MOF description entry. The general format of these cards (in which each

element is left Justified) is as follows:

CARD COLUMNS CONTENTS USAGE

1-5 W : three character designation enclosed All types*
Nv the usual parentheses.

6-6 MOF code - one digit used to verify key- MDF entries
p inchlng of coded entries or special
code to indicate that the MIF is
processed in an exceptional manner.

1-72 Clear text spelling of the h3F or LOF. All types
(Note that this spelling is limited
to 66 characters.)

73-74 Structure indicator (MOF entry contains All types
total Pomber of levels in jtructure).

(*W)F dqil-qtion is somewhat redundant
for construction of LOF entries, but is
helpful in ordering the cards.)

- ~onLinued next page
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{4PKNG OF iD1 87"*

75-80 "L,)'F entries only) Existing dictionary Jpdating &
LOF reference number for referenced LOF.

Desired external LOF reference number Construction

if number is to be preprinted in the

data extraction form.

7.1.4.1 MOF Construction (or Reconstruction In order to create a MOF

in the Dictionary File or to update a MOF to include new generic levels, the

entire MOF must be constructed (or reconstructed) as a unit.

For simplicity in coding, the LOF's are sequenced by their generic

level and contain a structure indicator which designates this level, or their

usage as a synonym, or a variant spelling.

These indicators are as follows:

1,2,3,... level

$ variant spelling

- synonym

Each LOF i6 assigned only one indicator for brevity and ease in re-

sequencing so that variant spellings and synonyms are considered to be at

the previously indicated level. Since variant spellings pertain '- a par-

ticular word whereqs synonyms apply to - possible group of w, is, variant

spellings aust follow iwmediately their object word. Moreover, since the

connotation of words cannot be considered, the sequence cr a group of syno-

nyms, including the determination of the b" e word (assigned the lev indi-

cator), is somewhat optional.

If an existing MOF is restructured, both the Data and Dictionary File

entries which pertain to that MOF must be recreated. Hence, when the level

structure of a MOF may contain unknown lower levels, it is desirable to

indicate the max2ia-m number )f levels possible for the MOF without actually

assigning any LOF's to those levels. The introduction of a new MOF to the

Dictionary File does not require the recreation of the Data File since no
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LOF's can exist: for that MOF. LOF's of such newly-int oduced MOF's would

have to be entered into the Data File by means of Data File maintenance.

Consider the MOF, (PGS), vr-viously used as an illustrative example.

with the following structure:

(PCS) Anthropoidea ProsimiiIi  / /

Catarrhini Catarhini" Piatyrrhini Leniuroidea Tassioidea

Pongidac Pongiida CercoPithecidav Hapalidae Cebidae(Siniiidae) Sim• •a

(Great Apes)

The MOF (PGS) could be properly constructed with the following

dictionary cards:

"' F DESC( CODE TEXTUAL SPE' !NG [STRUCTURF IND
1 5 6 7 72 73 74 75-80

(PGS) 2 PRIMATE GROUPS INVOLVED IN STUDY 3
(PGS) ANTHROPOIDEA 1
(PGS) CATARRHINI 2
(1;S) CATARHINI $
(PGS) OLD WORLD ANThROPOIDS -
(PGS) PONGIDAE 3
(PGS) PONGIIDAE $
(PGS) SIMIIDAE
(PGS) SIMIDAE $
(PGS) GREAT APES
(PGS) CERCOPITHECIDAE 3
(PUS) PLATYRRHINI 2
(PGS) HAPALIDAE 3
(PGS) CEBIDAE 3
(PGS) PROSIMlI I
(PGS) LEMUROIDEA 2
(PGS) TASSIOIDEA

The previous example (first listing) illustrates the Dicionary

File records resulting from input of the above cards.
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7.1.4.2 Dictionary Updating Since the Dictionary File is, by definition,

open-ended, new LOF's may be added at any time. These LOF's may be in-

corporated into the Dictionary File either when the data points are encoded

originally or when the system indicates that a previously undefined LOF has

been encountered. In the latter case a pre-punched card containing the MOF

designation and a clear text spelling of the undefined LOF will automatically

be provided by the system. This will insure that the correct LOF i. defined

dnd thdL .i1 su,.ik LOF't are co...iered. Tie LGF rcference numbers will be

provided in the dictionary printouts.

A previously undefined LOF can fall into any one of the following

categories:

(1) Variant spelling for an existing LOF

(2) Synonym for an existing LOF

(3) New LOv

if the LOF is in category 1 or 2, it is incorporated into the Diction-

,rv File merely by equating it to the appropriate dictionary entry. Card

columns 75-86 are used to indicate the LOF reference number of the corres-

ponding dictionary entry, and the structure indicator will contain the

variant spelling ($) or synonym (-) symbol. If the LOF is a new word it

must be related to an exist' ig LOF unless the MOF has only one level. The

ielaticnship is determined by describing where in the tree structure the

new LOF belongs, and is indicated by assigning a level in the structure in-

dicator and by providing the LOF reference number of the (base) entry under

which the new LOF should appear. Other new LOF's on the same tree branch

are coded with a -Luclure indicator, but without any LO, aumiers. Thus

the mrethod for updating is Identical to that for construction, with the

exception that explicit LOF numbers must be included for .ertain entries.

(These upuating cards could be combined with the initial IUF construction

cards to reconstruct am WVF's.)
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7. Data Processing

Consider the MOF's, "Carnivore groups involved in study (COS)" and

"Rodent groups found during survey (RCS)", with the following structures,

in which the underlined LOF's are to be added to the existing MOF's:

(CGOS)

Canidae -Caniidae] Felidae Ur eiidae [Ursidael
(C t s) (Bears)

(RGS) Rodentia
Rodents)

Mtiridae Murideel Cricetidae Sciurjdae [ Sciuriidael [Sciuradeel

(Scuris)

Rats House Mice Microtine Mice Hamsters Chipmunk Sciuruss
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The follcwirg dictionary cards would be required to include the pre-
ceding new LOF's (underlined) into the MOF's, (CGS), and (RGS), where
N(k) equals the LOF reference number of the existing LOF entry k

MOF DESC CODE TEXTUAL SPELLING ST IN Comments -
1 5 6 7 72 73 75 80(CGS) CANIIDAE $ N(Canidae) 0 order is

(CUS) CATS - N(Felidae)  immaterial

(CGS) URSIIDAE 1 assignment
(CGS) URSIDAE $ of synonym
(CGS) BEARS permissive
(RGS) RODENTS -|N(Rodentia)

(RGS) MURIDEE $ N(Muridee) order is
(RGS) HAMSTERS 3 N(Cricetidae immaterial
(RGS) SCIURIDAE 2 N(Rodentia)
(RGS) SCIURIIDAR $ an order
(RGS) SCIURADEE $ is
(RGS) SCIURtDS essential
(RGS) SQUIRRELS
(RGS) CHIPMUNK
(RGS) SCIURUSS 3
(RGS) SQUIRREL -

The MOF, (PGS), could be properly constructed with the following

dictionary cards:

MOF DESC CODE TEXTUAL SPELLING STRUCTURE IND
1 5 6 7 72 73 74 75-80

(PGS) 2 PRIMATE GROUPS INVOLVED IN STUDI 3
(PGS) ANTHROPOIDEA I
(PGS) CATARRHINT 2
(PGS) CATARHINI $
(PGS) OLD WORLD ANTHROPOIDS =

(PGS) PONGIDAE 3
(PGS) PONGIIDAE $
(PGS) SIMIIDAE =
(Pcs) SIMIDAE $
(PGS/) GREAT APES -

(P US) CERCOPITHECIDAE 3
(PGS) PLATYRRHINI 2
(PUS) HAPALIDAE 3
(P(;S) CEBIDAE 3
(PGS) PROSIMII 1
(PGS) LEMUROIDEA 2

(.¢:S) TASSIOIDEA 2

The. revious example (first listing) illustrates the Dictionary
F'! :, rcords resulting from input of the above cards.
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7. Data Processing

7.1.4.3 Dictionary Correction Due to the generic natu 'e of many of the

MOF's, structural changes in the Dictionary File would be difficult and

cumbersome to accomplish -- and to describe -- in terms of updating. More-

over, such changes to the Dictionary File would make the Data File obsolete.

For these reasons structural changes should be achieved by MOF reconstruction,

limiting dictionary correction to such changes as would not affect entries in

the Data File.

Correction of the dictionary is, therefore, restricted to the following

functions:

(I) Change in textual description of a LOF or
MOF -- indicated by a "/" in card column
73 (tructural indicator).

(2) Delete any MOF or LOF entirely -- indicated
by a "D" in card column 73.

Correction of a variant spelling requires special consideratiin since

such LOF's do not possess a unique IOF number by which they can be identi-

fied. Because of this the elimination of a variant spelling can never alter

the structure of a MOF. Variant spellings can beiphysically removed from

the Dictionary File if the structural indicator "D" is utilized with the

textuai description of the variant spelling. This is the only type of

Dictionary File maintenance in which this description field, card columns

7-72, contains the LOF to be operated on. (For ease of processing the LOF

number should also be indicated.) If a variant spelling is to be corrected

it must be delet<d and the correct variant spelling entered as an update.

Changes in the Dictionary File for LOF's (or MOF's) which are not

variant spellings are accomplished by using the structural indicator "/"

and their existing LOF number (or MOF designation). The deletion of such

a LOF would normally be accomplished by use of "D" and its former LOF num-

ber; changing the textual description of a LOF to a blank field would also

delete that LOF. In either event the LOF text would be considered u defined
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tor input. In the latter case, however, the LOF refe~ence number would not

be undefined when used in the input data.

Whien a LOF is deleted, synonyms and lower level Lree-structured LOF's

remain in the Dictionary File unless explicitly deleted. Moreover, any

future mainteniance of the remaining LOF '8 must reference the original level

of the LOF.

To illustrate the foregoing, consider the existing 14OF, "Pelecypod

groups found in water rese. -irs (HWR)", with the following structure:

(HW R) P ele cypod a

Pectinoidea No i-pectined pelecypods/ (Normal-type clams)

Lim Peten Petee_' ~uaog Soft-shell clam Razor clam

This MOF could be transformed into the MOF, "-lams found in drinking-

water reservoirs (HWR), with the following structure:

(11W R) Pelecypoda

PectinacI
LiMids Pecten Pectin 1  Quahog* Soft-shell clam*

Quaho~g and soft-shell clamis are still physically at level 3 in the
Dict~oaary File; however, logicaily they could 1considered as
being at jevel 2.
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The above iOF transformation could be achieved by the following

(correction) dictionary cards:I

MOF DESC CODE TEXTUAL SPELLING ST IND

1 5 6 7 72 73 75 80

S(iwR) CLAMS FOUND IN DRINKING-

WATER RESERVOIRS

(t1WR) PECTINACEA / N (Pec incid ea)

(HWR) LIMIDS I N(Lima)

(HWR) PECTEEN D N(Pecten)

(HWR) PECTIN $ N(Pecren)

(HWR) / N(Non-pectinid p.)

(RWR) / N (normal-t.clams)

-I (HW) / N(razor clacs)
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7. Data Processing

7.1.5 STORAGE PROCESSING

The objective of the MO ) Storage Subsystem is to build and maintain

a collection of valid data poirt records from the input data. This requires

that the validity of incoming records be checked by the Dictionary File,

hence tbe Dictionary File must also be built and maintained, The MOT) Stor-

age Subsystem has been designed so that thti processing of the dictionary

and the data can be accomplished either simultaneously or individually (see

Fig. 7.3).

When both operations are to .ake place the dictionary processing is

accomplished first. In an initial run it would be advantageois to pre-

define a subset of dictionary terms to reduce the number of undefined

LOF's. In subsequent runs,maintenan( to the dictionary might well include

both previously undefined LOF's and newly defined LOF's for the current

input data.

7.1.5.1 Dictionary Building and Maintenance All types of file mainte,.-

ance inpuL cards are processed to build or revise tne Dictionary File. The

original input sequence of these cards must be maintained since the order

indicates the structural relationships of the LOF's within a MOF. Further-

more, this original sequence cannot be recreated by machine.

In general the type of maintenance to be performed is designated in

columns 73-1-4 of the input cards, however, MOF Lc_.nstruction (or construc-

tion) can only be differentiated from regular updating by the presence of

a level entry in the MOF maintenance card. MOF maintenance cards differ

from LOF cards in that MOF cards contain a code in card column 6.

The sequence of processing in Construction, Reconstruction, and Up-

dating of the Dictionary File is as follows:

7 - 31



MAPPING OF DISEA 5

(1) (TAPE ONLY) Build a magnetic tape record from
input card that contains a generated serial
number which is an ordered combination of
the MOF order on the Dictionary File, any
indicated LOF reference number, and the
original input sequence number.

(2) (TAPE ONLY) Sort these generated records by

their serial number. The textual spelling
may be added as the minor field of the sort
to facilitate processing corrections to
variant spellings.

(3) Process input against existing numerical
records in the Dictionary File. I

(4) Build MOF record.

(5) Assign next sequential reference number to
new LOF.

(6) Construct LOF code number.

(7) Build numeric order LOF record.

(8) (TAPE ONLY) Sort numeric order records into
alphabetic order.

(9) (DISK ONLY) Determine index number of alphabetic
order for numeric order and create alphabetic
record.

(10) Print rew dictionary entries alphabetically.

(11) List file maint nance errors, if any.

(12) At user's option, print the entire Dictionary File.

The dictionary listing- ave the following format:

(MOF short form) 'MOF name Number of LOF
or long form entries

LOF name LOF reference
Inumber

Errors are listed separately after the dictionary listing and have the same

general format as above plus an explanation of the MOF or LOF error, printed

on the right side of the page.

This basic dictionary processing has the following variations, accord-

ing to the type of maintenance being performed:
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th Construction r Reconstruction -- The previous numerical records for
the HOF are disregarded. An~y LOF's with designated reference numbers are

processed first; the remaining LOF's are assigned reference numbers. MOF-

reconstruction requires that the Data File be regenerated to insure that the

proper LOF code numbers are contained therein.

Update -- The previous numerical records for the MOF are retained and

new records are genmrated ara required.

Correctioa -- The previous numeric-- records are retained for all the

LOF'b in the MOF except for those which are deleted.

Since the order of the cards indicates the structure of the MOF, it

must be assumed that the input order is correct; if these cards are not in

the proper sequence the MOF will have to be reconstructed. Deletions, cor-

rections, references to non-existent LOF's, and references to unidentifiable

I'OF's will be flagged as errors.

7.1.5.2 Data File Processing After an initial Dictionary File is built,

input processing then creates the Data File from the data input cards. This

processing not only creates new data point records but also corrects and up-

dates existing data point records in the Data File. An existing Dictionary

File ib necessary in order to procees the input IOF's and LOF's properly.

Input entries are matched against the dictionary file to insure the validity

of all HOF's and LOF'9, also to convert qualitative LOF's to their numeric

code number for internal storage in the Data File. Undefined LOF's, un-

allowalle or invalid LOF's and MOF's, and any other detectable errors are

listed during this procedure. Incomplete data point records are maintained

as a separate incomplete Data File until see corrective action is taken.

The input processing functions are performed by the follcaing programs:

(1) FORMAT DATA -- This program transforms the ree-form input data

into fixed-format magnetic tape records in which o-ch LOF is an individual
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record. Each record contains the Data Point Number, the MOF designation,

and one LOF. The LOF may be in the form of a LOF reference number, a textual

spelling, or a numeric value. The FORhUiT DATA program also assigns a code

number to the MOF's that corresponds to the MOF order within the dictionary

iile. In addition, the various types of Data File maintenance cards are

assigned a code in accordance with the order of file maintenance precedence.

This maintenance code is used as a minor sort field after the data has been

translated. Under the rules established for keypunching the input data, each

input card is an entity, hence it can bc processed in any desired order. It

is not required that narrative (NAR) records be properly sequenced at this

time.

(2) SORT FORMATTED DATA -- The output tape from the FORMAT DATA program

is then sorted by the assigned MOF code number and by the LOF reterence number

(less MOF code digit and the checksum digit). At the same time,the Incomplete

Data File is incorporated into the sort as a second reel of input. Both the

new Forn.tted Data File and the Incomplete Data File will have the same format

and may be considered as one entity during the succeeding processing. The

purpose of this program is to speed the matching of MOF's and LOF's with the

Dictionary File, however, if the Dictionary File is on magnetic tape, this

operation becomes essential rather than merely a means of increased efficien-

cy. This sort operation will sequence all the LOF's into alphabetic and

numeric order within each MOF (but the IO, sequence has functional sig.ifi-

cance only for qualitative LOF's).

(3) TRANSLATE DATA - This program is the bridge between the input

data azxd the Data File. Here, LOF records from the preceeding sort program

will be compared with appiopriate encries in the Dictionary File. Each

qualitative LUF will be tested for definition. If defined, the LOF code

number will be added to the LOF data record. LOF reference numbers will be

matched against the uumericai orde;r section of Ahe dictionary, in addition,

the validity of their MOF code digit and checksum digit will also be deter-

mined (see Fig. 7.2). LOP textual spellings will be compared with the
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alphabetic order section of the dictionary. If such a textual entry does

not exist in the Dictionary File, the entire entry is listed and a card is

punched. This card will contLain the MOF designation and the textual spell-

ing of the undefined LOF -- in the Dictionary File maintenance format -- so

that it can be entered later into the Dictionary File maintenance programs

without a need to create an entire entry and without danger of mis-punching

the textual spelling. The punching of LOF cards will be summarized at the

LOF level, e.g., even though several data points have the same ui.defined LOF

for a given MOF, only one LOF card will be produced. Each quantitative LOF

will be tested for validitv as indicated by the MOF. Alternatively, this

MOF validity indication may be added to the LOF record and tested in the

edit program. The LOF record for any LOF which is undefined, or invalid,

or whicn rcfers to an uniden' ifiable MOF will be flagged. But only the un-

defined qualitative LOF's will be listed at this time (allowing all undefined

words to be analyzed with respect to the structure of their MOF). In con-

sequencethis listing will be uncluttered and will correspond to the punched

cards. All the errors will *e listed later by data point number in the data

editing program so that th. errors can also be considered in terms of the

entire data point.

(4) SORT TRANSLATED DATA -- The translated data, including all error

records, will be sorted by Data Point Number, MOF designation, LOF, and file

maintenance type. Tiils will provide for the immediate updating and construc-

tion of the Data File from all of the appropriate LOF records. Th, narra-

Live NAR) recordq and those for any other non-retrievable "MOF" will be

sequenced as the last records for each data point, and by continuation number,

if applicable.

(5) UPDATE & EDIT DATA FILE -- The data point records of the Previous

Data File will be updated by the output of tie SORT TRANSLATED DATA program.

For processing facility, sufficient main memory should be available to con-

tain one data point record from the old Data File, all of the new LOF input

records for a data point, and a buffer area for a new data point record.

None of these data point records would have to inc-ude any narrative at this
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time. One should have access to the entire set of new LOF's for a d, a point

so that all of its component items can be written on the Incomplete Data File

if necessary. If main memory availability is severely restricted, these in-

complete data records could be purged by additional pro, ssing.

The updating and editing for each data point will consider one eltire

k HF at a time. Any necessary file maintenance operations will first be per-

formed in accordance with the order of maintenance precedence. File main-

tenance errors such as deletion, addition, or replacpment of non-existen:

entries will be listed. Then required edit checking will be done. In somc

instances, consistency among different MOF's may be tested. Several specific

processing steps, necessitated by the characteristics of the MOD data, will

also be carried out during the input processing for the Data File. For

example, the data-reliability HDF "Computer evaluation of data point" will

be calculated according to a suitable algorithm, and the resulting number

stored as a numeric LOF for that HOF. Also,data points whose Specifl. Disease

Agent is specified .s a logical sum of positive and negative items will be

split for storage and later processing into one point for all the positives

(with a non-zero value) and one zero-valued data point for all the negative

items. Finally, the entire newly formed data point will be searched to in-

sure that all essential HDF's are present. Then record index of updated or

new data point records will be appropriately revised.

An Incomplete Data File will be generated that will contain all f the

WF records for those data points which lack essential W)F's or have un-

defined qualitative LOF's. SucL: data points will not be included in the Up-

dated Data File. Other types Af LOF errors will merely crise that LOF to be

eliminated from the appropriate file. If this elimination causeh the loss

of an essential WOF, the data point will be transferred to the Incomplete

Data File.

Both the Updated Data File and the Incomplete Data Pile are in data

point sequence. The purpose of the incomplete file is to simpiify corrmxtion
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requiremients, also to facilitate the listing of these deficiencies until

they are remedied. Hence, only new or updated data point recoris will be

tested; unaltered records will simply be merged into the new (Updated) Data

File. Existing data point records will not be eliminated from the Data File

if erroneous cnrrections are made. Rather, these invalid corrections will

records onto the Incomplete Data File, the existing data point records wouild

hvtobe decomposed into component LOF records.

(6) DEOPS AAFILE -- This operation Is required if a MOtF in the

dictionary has been reconstructed. In this event the L-OF code numbers in

t' e data will usually be inaccurate anld will hav - to be regenerated. This

.;an be accomplisi-ed if every data point recon In the Data File is deconmposed

into a group of separate LOP records. The *WF reference number can be de--

termined as being the ?9west level entry in t~te LOP code niumber contained in

the Data File. (The regeneration of the Data File is possible because MOP

reconstructic-n doos not alter the reference numbers.) The entire Previous

* Data File can then be re-entered into the svstem inl the form of LOF records,

as additional inPUt LO the SORT FOR. ATTiED DATAk Program. These separate LOF

*records will contain the 40F designation and the Particular LOF item. Fk.r

*qual it'ilt Ive LO's, this itk;m: will lbe the LOF ret r-e:-.ce number.

2RETRIEVAL SUBSYSTEM

Fhe funct ion of the' 1EI Storage Subsysterm Is it) create a data base f rom

'chthe desired .MOD output reSulltS can be produced. Th-e MOD user will

obtaill this OUtp)ut by MeCAnS ot a qulerV to the MOD SVsT'eM. His query must

dcsribe The following three aspects of the desi red okit,;ot:

l)Retrieval cond Ir ions -- an-. c harac:teristi sfthat th"e data Mult :onltainl in order to be
cons iderud furi ou tput (sukch as specif ic
disease agent, or specien infected, or time
period).

oltnt-dA next p agt-
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(2) Synthetic or manipulative operitions --

arty operations which must be pirformed
upon the retrieved data prior to output
(such as combining points by averaging
their values).

(3) Output specifications -- the type, format,
and content of the desired output (such as
map projection to be used).

These are accomplished in sequence given since a subset of data

points n&ist first be considered, then operated upon, and, finally, displayed.

The Retrieval Subsystem (shown in Fig. 7.4) will now be discussed in

detail as it Is more related, logically and physically, to the Storage Sub-

system than to the other two subsystems. Moreover, retrieval is the first

(and most fully developed) aspect of the entire query procedure. Manipula-

tive operations and output specifications are independent of retrieval, and

both of these will be discussed later.

1.2.1 RETRIEVAL LANGUAGE

In any retrieval system, items are selected for retrieval which satis-

fy the given (query) conditions. The manner in which these conditions are

expressed is of the utmost importance for effective retrieval. At the

present stage of de'.elopment of the MOD system there has' been insufficient

experience in the areas of retrieval usage to determine optimal specifica-

tions appropriate to the requirements (and background) of the potential

bio-medical users. For this reason an interim retrieval language has been

established. Based upon experience gained in actual use of the MOD system,

the interim retrieval lang ,age can be modified to yield a more elaborate --

and efficient -- "ultimate" retrieval language., But with this present MOD

systLem design, the specific retrieval request would be formulated by the

data analyst from a more generalized query made by the bio-medically oriented

user. (Of course the user himself could formulate the retrieval request if

he were confident that he understood fully all the logical facets of his
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MOD Retrieval Subsystem

flow diagram.

7 39



MA PPING OF DISEASE

query. When there has been sufficient experience with the implemented MOD

system,the ultimate MOD retrieval language can also be formulated.

From a system viewpoint,those PVLLions of the M1D query which relate

to retrieval can be expressed in terms of the interim language by - pre-

liminary processing program, then be operated upon by the Retrieval Sub-

system ab specified in this section. To provide for this transition and to

allow for all logical requests, the interim language consists of all the

basic logic functions and operations of a general retriefal system, expressed

in 'A most direct and concise manner.

Let us consider first the rules of logic which pertain to the use of

operators to connect conditions. In the following, A, B, C, and D each

represents any ritrieval condition.

The logical operators,AND or OR,can combine any pair of conditions,

and the kesult is itself a condition. In the MOD interim retrieval language

"+" and "" will be used to indicate AND and OR respectively. The maning

of these operators are: / (OR) The condition A / B 4- satl.sfied if A is

true, or if B is true, hence, also, if

A and B are both true,

+ (AND) The condition A + B is satIsfied if, and

only if, both A and B are true.

Since the result of a logical operation upon two conditions is itself

a condition, anuaer condition can be combined with it. But these combina-

tions are not associative, hence parenthesis must be used to indicate the

meaning of certain combinations.

If the logical operators are the same, parenthetical grouping is un-

necessary.

Ey.ample: A / 6 / C (A / B) / C -A / (B / C)

A + B + C - (A + B) + C - A + (B + C)
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If the logical operators are mixed, parenthetical grouping is essential

for proper meaning.

Example:

A / (B + C) - (A/B) + (A/C) # (A + C) / (B + C) = (A/B) + C

A + (B/C) = (A + B) / (A + C) 0 (A/C) + (B/C) - (A + B, / C

Since parenthetical grouping Is unnecessary for similar operations,

more than one condition can appear within a parenthesis, e.g.

(A / B / G) + D (A + B + C) / D

Reapplying these rules, an infinite number of levels of parenthetical

grouping can be cstablished. However, any expresslor which contains higher

levels of grouping can be reduced to one level of parenthetical grouping by

appropriate repetition.

Example: A / (B + (C / D)) A / (B + C) / (B + D)

A + (B / (C + D)) A + (B / C) + (B / D)

((A + B) / C) + D (A + B + D) / (C + D)

Thus the interim retrieval language can perform any desired retrieval

operatio., if the f-!lowing two rules are followed:

(1) Parenthesis are only used where necessary

(between unlike logical operatots but not

between like oper'tors).

(2) Only one level of parenthesis is allowed

(higher levels must be manually reduced).

Thus far we have considered conditions abstractly, and treated each

condition as an entity. These cinditions do actually apply to MOD data

however, and consist of 5everal components. These components establish a

criterion which will either be true or false for every data point record

of the Data File. We aze not merelX searching for the presence of an item

in the Data File; it is necessary that this item be considered within the

proper context, i.e., a specific LOF within a particular MOF. For added
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flexibility we can allow the relationship of the LOF to the MOF to be other

than equality.

The three components of a retrieval condition are:

(1) MOF designation

(2) LOF description

(3) Relational operator

The relational operators defined for tb+ MPI! retrl,--a! svtem are:

= Equality (including synonyms, variant spellings, and
loss generic tree structured components).

Identity (including variant spellings, but not
synonyms).

Inequality (i.e., not equal to).

< Less th"- (significant only for numeric values).

> Greater than (significant only for numeric values).

The usual MOF designations are used without their parentheses in a

retrieval request because the existence of the relational operators easily

distinguishes MP'P's from LOF's. Moreover, since one level of parenthetical

grouping is allowed for logical grouping, use of pa;'enthesis for other pur-

poses in the language should be avoided.

To be consistent with our rule that only one level of parenthetical

grouping be allowed in a retrieval request, each condition is to contain

one and only one LAOF and one LOF. If a criterion logically includes two

po-qible LOF's for a MOF, the MOF must be explicitly stated twice with the

proper logical operators.

The LOF description of quantitative LOF's will consist of their actual

numeric value. Qualitative LOF's can be described either by their textual

spelling or their reference number (but textual description would probably

be the more useful method of specifying a qu. Litative LOF).
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7.2.2 RETRIEVAL REQUEST CARDS

Retrieval requests will be activated in the M D system by means of

retrieval request input cards. Sevelai different sets of criteria may be

reql"ested at the same tim , and thebe will be distinguished by being assigned

a d:fferent question number.

The retrieval cards consist of two fields. The first contains identi-

fication data, question number (and, possibly, continuation card number).

The remainder of the card contains the requests in free form with non-

*essential blanks optional. Of course these requests must be formulated in

accordance with all of the rules described in the preceding section. Identi-

fication data will be listed on all output retrieval reports.

The maximum number of conditions per question and the maximum number

of questions that can be processed at the same time will wive to be determined

prior to establishing precise rules for these items.

A sample set of request cards would appear as follows:

JDF.S 5/12/67 1 (MFX - GOOD / QXT = HIGH) + VAL > 25.3

JDHS 5/12/67 2 (MFX = GOOD / MFX = FAIR) + VAL > 20

JDHS 5/12/67 2 / PVL > .05) 4 SDA # L. POMONA

JDHS 5/12/67 3 PHD 0 WILD

7.2,3 RETRIEVAL PROCESSING

The retrieval subsystem reads the req!!est cards, checks the validity

of their form and content, and ob~ains any required LOF code numbers. This

subsy_ a then tests each data point record in the DI)ta File on a matbh/

synonym basis and writes the selected records onL. or more magnetic tape

files.

First, validity of the format of the retrieval request cards is tested;

detected errors will be listed. If there exists an extraneous parenthesis
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in the request, the "corrected" interpretatiou will be listed as a flag and

the requests processed in accordance with this interpretation.

After the validity of the format of the entire retrieval request has

been established,a condition record is generated for each condition in the

request. These condition records contain the following elements:

(1) Question number.

(2) Condition number.

(3) Designated MOF.

(4) Specified LOF.

(5) Required relational operator.

(6) Next operation if condition is true.

(7) Next operation if condition is false.

The question number is obtained directly from the request cards. The

c-dition number indicates the sequence of each condition within a question.

The logical sequence must be maintained in order to execute the retrieval

processing properly.

After these operations the validity of the requested MOF's and LOF's

is determine' For this purpose the conditions must be considered first in

MOF, then in LOF order. The volume of these requests will probably be such

that an external sort of the conditions will be unnecessary. Th- Dictionary

File is utd to deLermine the validity of the MOF's and LOF's. The LOF

element of the condition records for quantitative LOF's will contain the re-

quested value. For qualita 've LOF's, thib element will contain those

portions of the LOF code number which are appropriate to the request. Gener-

ally, this consists of all the reference number components of the code num-

ber down to the level of the LOF being considered. (The level can be deter-

mined from the Dictionary File by the presence of the first zero reference

code or the last reference code within the LOF code number.) But if the

desired relationship is one of identity, the entire LOF code number is placed

in the LOF elemeint of the condition record. The relational operator of the
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condition is tested to insure that it is apprcpriate for the type of LOF

being considered. This operator is then placed in the relation element of

the condition record. (The internal indication for identity can be the same

as that for equality since the composition of the code number will distin-

gish between these relationships.)

The contents of the "next operation" field can be determined from the

logical operator (which immediately follows the present condition) if, as

is the case, there is only one level of parenthetical grouping and if the

logical sequence of the conditions is preserved:

NEXT LOGICAL OPERATOR NEXT OPERATION IF PRESENT CONDITION IS:

TRUE FALSE

None Select Reject

/ outside of parenthesis Select Test next condition

/ inside of parenthesis Test next condition out- Test next condition

side of parenthesis or

select if none exists.

+ outside of parenthesis Test next condition Reject

+ inside of parenthesis Test next condition Test next condition

outside of paren-

thesis or reject

if none exists.

This selection or rejection refers to the entire data point record

being tested. The non-e-istence of a next lo;ical operator is considered

within the format of the present question if more than cne question has

been requested.
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The condition records for some fundamental types of requests are now

provided. In the foli-;ling, the MOF, LOF, and relational operator compo-

nents of a condition have been represented by a single letter for simplicity,

an. each request has been assigned a different question number.

QUESTION CONDITION NEXT OPERATION:
CONDITION NUMBER IF TRUE - IF FALSE

QUESTION CONDITION
NUMBER RECORD

A/B 1 1 A Select to 2
1 2 B Select Reject

A+B 2 1 A to 2 Reject
2 2 B Select Reject

A+(B/C) 3 1 A to 2 Rjc
3 2 B Select to 3

3 3 C Select Reject

(A+B)/C 4 A to 2 to 3
4 2 B Select to 3
4 3 C Select Reject

A/(B+C)/D 5 1 A Select to 2
5 2 B to 3 to 4
5 3 C Select to 4
5 4 D Select Reject

(A+B)/(C+D) 6 i A to 2 to 3
62 B Select to 3
6 3 C to 4 Reject
6 4 D Siect Reject

Any errors detected in the for,.-;.t or content of a retrieval question

will cause that question not to be processed. Alter all questions and 'on!di-

tions have been verified, the user will have an option as to whether or not

retrieval quest Lons without errors shou ld be processed if othcr qucstions in

his request contain errors.

After all the condition records have been generated for a request, each

data point !n the Data File is tested agalnst this set of condition rccords

by comparing the MOF, LOF, and re lational opvrator. I'hle locaLion of t t'

LOF 's within, each data point record is indicated in tht! data ecord itidex.
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The LOF description in the condition records will determine the matches.

Every data point is compared with the retrieval conditions set forth by each

retrieval question. The methods employed in the Data and Dictionary Files

have been established so that synonyms, variant spellings, and tree-structure

relationships do not have to be handled by long retrieval lists. Moreover,
I

the condition records enable the retrieval processing to test only those

LOF's required to asce!rtain whether a data point should be selected or re-

jected.

If a data point record is selected it is written onto a magnetic tape

file and listed by Data Point Number as having been retrieved. Various

questions may be output onto different tape units, alternatively, the question

number may be appended to the data point records selected by that question.

The formats of the Updated Data File and the Retrieved Data File are identical,

hence either file may be used for subsequent putput processing. Thus syn-

thetic, or manipulative operations, or output specifications may also work

against the entire Data File.

7.2.4 ALTERNATE LOF CODING PROCEDUR

A unique feature of t' preceding Storage and Retrieval Subsystems is

the method of coding the qualitative LOF's. The code number of each qualita-

tive LOF is constructed to indicate the structural relationship for retrieval

purposes. The Data File contains those code numbers that consist of a series

of numbers whose total lenF' is one greater than the number of levels within

the MOF. The Retrieval Si tem scans all or part of this series of numbers

to determine if a selection, riterion has been satisfieL

A LOF code number that consisted of only one number would suffice for

retrieval purposes if that number were proper'ly formulated, and it is with

this consideration that we present the followling alternative procedure.

I
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Each LOF would have an original reference number. The LOF would then

be sorted by its deacending structure relationships within the HOF. This

sequence would determine the present code number for the LOF's. A range of

code numbers consisting of the first and the last code numbers which repre-

sent its qtructural relationship for each LOF could then be ascertained.

This method is possible because the range of code numbers has no missing

members in it -- because of the structural sequence.

This singAe number code system would substantially shorten the lengths

of the Data and Dictionary Piles and would make the retrieval process more

direct. Each LOF entry in the Data File would consist of only two numbers,

the original reference number and the present code number. The code number

in the dictionary would be reduced to two numbers for all qualitative MOF's

first and last range value. The range values would be used for normal re-

trieval and the present code numbers for "synonym lock-out" retrieval. If a

LOF number were in the range of the requested LOF, the criterion would be

satisfied unless synonym lock-out were desired, in which case only an exact

match would suffice.

Weighing the pros and cons of this alternative method, the advantages

of brevity seem to be more than offset by the requirement that the entire

Data File (rather than just the new or incomplete data points) be translated

against the Dictionary File after virtuall) any type of file maintenance is

performed on the Dictionary File. (This alternative method would not affect

the remainder of the MOD system.)

Consider again the MOF, "Primate gro ps, involved in study (PGS)",with

the tree structure shown, underlined LOF's to be added to the MOF:

['(; )A nth I,, t , Pr airy, i

Hig, r'rntr-.t,) (Lower Primt t.)da)

C..!..a r r i-,t CA f, rhi nk ' CatAi r nil P Atyrh i ~ Lemurnidea Tat to,1.a jupsioides

P~nii~A.. Cc r, opith-i id..r HAPaildac chid r

((;r,.,t AT-)'
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The HOF, kPGS), would ap-ear in the Dictionary File as follows --

after its initial construction (without the underlined entries). The disk

. format is used for brevity.

NAM'{E CODE RANGE REF

ANTHROPO IDEA 1 1 10 1
CATARHINI 2 2 7 2
CATARRHINI 2 2 7 2
CEBIDAE 10 10 10 lU
CERCOPITHECIDAE 7 7 7 7
I1(EAT APES 6 4 6 6
iAP AL IDAE 9 9 9 9

LEMUROIDEA 12 12 12 12
OLD ORLD ANTHROPOIDS 3 2 7
PLATYRRHLI,;I 8 810 q
PONGIDAE 4 4 6 4
PONGIIDAE 4 4 6 4
PROS IMI 11 11 13 11
SIMIDAE 5 4 6SIMILDAE 5 4 6 5

TASSIOLDFA. 13 13 13 13

3 2 2 7 2
9 3 27 3

155 4

5 7 7/ 7

i0 8 8 10 8
7 9 99
-. 10 10 10 10

13 ! II 13 i 1I
812 12 12 12

13 i3 13 i13

N,,te thit the reference number and n., um' er are identic -- zf t.er

tne i:-tii construction of a .1tF.

I



Af ter the new (un ierlined) LO "s are added, PGS) wcuild be as

f olIlow s:

N CODE RAGERF

AINTHIROPoIDEA 1 1 11 1
CATARHINI 3 3 8 2
CATARLNI 3 3 8 2
CATARR HINI1 3 3 8 2
CEBILAE i1 li 1 1 10
CERCOPITHECIDAE 1 8 6 7
GREAT APES 75 7

i UPNL ID A± Id0I 10 9
HIG-HER PRIMATES 2 I1 11 14
LEXUIRO LOA 14 14 14 1

LO P RIMA1'LS 13 12 10 .15
OL, UQLU ANTHROPOIDS 3 8 3
K-NTYRRHINI Q1-) ii 8

PONGTI[AE

PROSIMI1 1 P1
S I X LD), EKj
6 IMI1.LD A, E

Lk SS 0 1 D LA '

12 3

7V~ r i

r~terinc~ m~er0



7. Data PrAossinq

7.3 SYNTHESIS SUBSYSTEM

After all the pertinent data point records have been selected by the

Retrieval Subsystem the Synthesis Subsystem performs necessary and desirable

refining ope. ations upon these points. The synthesized data is then used lo

produce maps and reports. These refinements consist of both necessary

synthesizing operations, which are required to combine the data properly,

and optional manipulative calculations, which are specified by the MOD user

in his query request. Operation of this subsystem is diagrammed in Fig. 7.5.

Since geographic considerations are of the utmost importance throughout

the MOD system, the geographic location of eacl1 data point must be adequately

represented to fulfill all functional requiremdnts. These requirements in-

clude:

(i) Validation of input data -- specified in terms
of political units, or longitude and latitude,
or both.

(2) Consistent internal storage of the location in
the MOD Data "ile.

(3) Convertibility to either verbal descriptions
(for output reports) or to X, Y coordinates

(for mapping).

(4) Proper interpretation in query requests.

(5) Combination or coordination chairacteristics by
which the data points can be combined, refined,
and enhanced for output representation.

7.3.1 DICTIONARY FILE (LOCATION FUNCTIONS)

In the MOD system the Dictionary File is required to accomplish the

following two functions dealing with geographic locations:

(1) Gazetteer function -- in which all geographic
names must be described in terms of a generic
iree-structure with synonyms and variant spellings
(like the MOF's previously discussed).

continued next page
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(2 lid -- tion -- in which a su,&fficierit number
of geographic points are identified to provide
mapping co3rdinates; these 200rdinates ust also
be ass&-iated -with some geographic name and naust
fit ;othe same lgclform as do the other
;,ntries in the Dic .ionarv File.

Th Letie function can be achieved it the geographic names are

described ac te-ins of their political unit designations. These dosignationsj

ctre utually exclusive and provide a tree-struotured hierarchy of country,

province/state, county, -nd smaller unit. The smaller unit could consist of

cities, towns, military installations, etc. Additional geographic levelsI
may be added fo,7 continent, area of a coumtry, paxrts of a state, etc. The

gazetteer function allows construction of regional areas from any group of

political units which are of the same. tree level, e.g., the countries ,hich

comprise Southeast '!,ia, the states which make up the southwest portion of

,he United S- tes, an.A the 'c,,inties ~.hcconstitute southern 6alifornia.

For the proper operation of the Dictionary File all entries in a given

MO~F must have the same number of tree-structure levels, but it is not re-

quired that all of these have positive values; if -appropriate group name

cav be assigned for a particuiar collection of political units, the grourp

designatIon is left blank. 1l some instances several geographic area levels

may be constructed by nesting of muitually exclusive political units. With

the proposed system it is ali,-o possible tz) construct geographic areas from a

subset of political units which are not mutually exclusive with a higher

level of politi cal unit, for example, the "'Delmsarva peninsula" or "Rocky

Mountains." From the viewpoint of tree structure, the level of such an entry

would be both higher and lower than the state level. Actually, as will be

shown, such a data point would be assigned to a coordinate within one -I the

appropriate scates for mapping purposes. For this reason there would be

advantage in having sach terms as "Delmarva" ur-'efined in the DiCcionary

File, allowin6 the data analyst to re-designate s-,ch a data point after it

waxs rejected in the MOD Storage Subsystem. Possible re-designations fox
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"Delmarva" would include 'Maryland, Eastern Shore", "Virginia, Eastern Shore",

and ' Delaware". The geographic area, "Eastern Shore", would require also a

state designation in order to find the proper dictionary-type entry.

Certainly the Dictionar File will contain many non-unique geographic

names. For example, there are many "Washington" counties and several

"Washington" cities in the Urited States, and such names mu-t have additional

geographic designations in order to make the entry unique. Ordinarily the

geographic location of input data will include more than c-e designation,

e.g., city, state, country, etc.

Geographic input names can be processed as follows in the MOD Storage

Subsystem:

(I) Each & ographic designation is treated as a
LOF; LOC itself is treated a. one MOF.

(2) In the TRANSLATE program all dictionary entries
which match the alphabetical spelling of each
such LOF are carried on LOF records for 'he
data point.

(3) In the last pass of the SORT TRANSLATED DATA
program all LOF records for the location of
each data point are matched.

Since the LOF code number for each location contains the LOF refer-

ence numbers for all the higher-level geographic names, only one LOF code

number will be consistent with thp other higher-level reference numbers,

assuming that the geographic location was sufficiently specified in the

input. By this method the geographic locations need be specified by only

enough levels to be uniquely defined. Obviously, conventions would have

to be defined so that, for example, the single input location entry, NEW

YOPK, would always be interpreted to mean NEW YORK STATE. If the o .atlon

designation(s) were insufficient for unique interpretation, the location

entry would be lisLed as an error. If desired, the several possible loca-

tions for that entry could also be provided.
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The grid function of the Dictionary File can be accomplished if the

longitude and latitude coordinates that ai-e to be used in mapping are

assigned for the center-of-area C each defined geugraphic name. Then

additional point locations must be associated with the center-of-area point

and with the geographic name, to represent the geographic extent of the area.

These additional locations (which may be called grid points) are required

for shaded maps; they can also be used in contour maps. Grid points are

determined in relationship to a grid size (the coordinate distance between

grid points in a given geographic area). It is not essential that all areas

of the earth be given the same grid size. Large bodies of water, deserts,

and so forth should also be assigned coordinate- so that such areas can be

recognized and differentiated from areas likely to have valid contributory

disease/environmental data. This type of distinction is essential in areas

in which the gird size is large (i.e., coarse). The designation of non-

applicable areas (i.e., those without valid contributory data) may be used

to enhance all types of mapped output since they allow differentiation be-

tween non-applicable locations and locations for which no (retrieved) data

points exist. This facility is considre-d essential -or computer production

of contour maps.

The gazetteer function of the Dictionary File can be fulfilledl ilL

exactly the same manner as has been described for tb dictionary functions,

with the exception that additional processing is required to combine the

various LOI' level designations into one uniqu.e location, if the longitude

anu latitude coordinate values are usd e Y- the LOF reference number, rather

than somewhat randomly created integers, ihse values 1, ovide a basis for

the gird function of the Dictionary File. A prime chara.teristic of the

LOF reference numbers is that each one nust be unique within the MOF. This

unique characteristic of longitude and latitude coordinate points can. be

realized if each higher geographic level in tne MOP 4 assigned an additional

digit that is not significant from the standpoint of geographic location.

Thus, if the finest grid considered is 1/100 for the lowest possible level
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of location designation, the nexL higher level could be designated in terms I
of 1/lO 0 ,where the least significant digit is not zero. These higher level

reference numbers would be the approximate center point of the geographic

area defined. The lowest geographic level coordinates of each grid point

would wve to be i-nually assigned. The higher level coordinates for those

points could then either be manually assigned or computer generated. Tht

latter operation is possible because the grid function can be considered as

a tree structure in which each level is completely described by the next

lower level.

There need be and should be only one building and maintenan'e program

to satisfy both gazetteer and grid functions of the Dictionary File.

A single program would insure that all the location data were con-

sist-it. It seems desirable, however, that the gazetteer and grid entries

exist in two different physical files in the MOD system in order to facili-

tate their use. One reason for this is that the additional grid points

which are defined to indicate the geographic area associated with a location

name are unnecessary for the lowest designation in the Dictionalry File.

Using separate files, the gazetteer records would be maintained in both

alphabetic and numeric order, as would comparable records in the Dictionary

File. Grid-point records, perhaps stored a3 a separate grid file, would be

sequenced by the grid coordinates of all the component locations; they need

not include the synonym and variant spelling entries. All bodies of water,

etc., could be grouped under one tree level, and appear only in this grid

file. I. desired, there could be a dictionary of body-of-water names.

These names could form a tree structure in themselves with synonyms and

variant spellings for the input and retrieval of data concerning quatic

environments. But such a 6tructure would have to be a separate branch of

the location tree-structure since the geographic locations of water bodies

cannot always be uniquely correlated with the MOD political unit boundaries.
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The building and maIntenance operations for the gazetteer and grid

functions will be accomplished in a manner similar to that for any MF in

the MOD Dictionary File, although additional processing is required to

create entries appropriate for these functions.

The gazetteer and grid cards will have the same format and contents

as ordinary Dictionary File cards, with the fcllowing exceptions:

(1) Grid cards for a location will have no textual
description.

(2) Each lowest location level (on both gazetteer
and grid cards) must contain a reference number
which consists of its longitude and latitude.

(3) The format of the input cards will have a shorter
field for the textual description, the relational-
indication field will be moved to the left, and
the reference-number field will be longer to
accomodate exception (2).

For example, location input cards -ad the resultant Dictionary File

records for the State of Delaware might appear as shown on the next three

pa ges. (The grid size has been selected as 1/5 e , and higher geographic

levels have been omitted for brevity.)
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Dictionary File

Textual Description Relational Reference Number
Indicator Long. Lat.

DELAWARE 1
NEW CA'STLE 2
WILMINGTON 3 -76.6 +39.8
ELKTON 3 -76.8 +39.6

3 -76.8 +39.8
3 -16.8 +39.4
3 -76.6 +39.4

KENT 2
3 -76.8 +39.2

DOVER 3 -76.6 +39.2
3 -76.6 +39.0
3 -76.4 +39.0

SUSSEX 2
OWENS TRACT STATE FOREST 3 -76.6 +38.8
OWENS FOREST $
OWENS TRACT $
ELLENDALE STATE FOREST
ELLENDALE FOREST $
MILTON 3 76.4 438.8

3 -?6.6 +38.6
3 -76.4 +38.6
3 -76.2 +38.6

I

I!
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These cards would also result in the following grid entries in the

Dictionary File.

Name Code Number

DELAWARE -76.581 +39.143 0 0 0 0
SUSSEX -76.581 +39.143 -76.41 +38.71 0 0

-76.581 +39.143 -76.41 +38.71 -76.2 +38.6
-76.581 +39.143 -76.41 +38.71 -76.4 +38."

MILTON -76.581 +39.143 -76.41 +38.71 -76.4 +38.8
-76.581 +39.113 -76.41 +38.71 -76.6 +38.6

OWENS TRACT STATE FOREST -76.581 +39.143 -76.41 +38.71 -76.6 +38.8
KENT -76.581 +39.143 -76.61 +39.11 0 0

-76.581 +39.143 -76.61 +39.11 -7b.4 +39.0
-76.581 +39.143 -76.61 +39.11 -76.6 +39.0

DOVER -76.581 +39.143 -76.61 +39.11 -76.6 +39.2
-76.581 +39.143 -76.61 +39.11 -76.8 +39.2

NEW CASTLE -76.581 +39.143 -76.72 +39 ,1 0 0
-76.581 +39.143 -76,72 +39.61 -76.6 +39.4

WILMINGTON -76.581 +39.143 -76.72 +39.61 -76.6 +39.8
-7b.581 +39.143 -76.72 +39.61 -76.8 +39.4

ELKTON -76.581 +39.143 -76.72 +39.61 -76.8 +39.6
-76.581 +39.143 -76.72 +39.61 -76.8 +39.8
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Aftl- "he MOD data input cards --e translated by the Ditionary File,

all of the input location designations for a data poict will be represented

by a single LOF code number in the data point record in the Data File. This

LOF number consists of the locations of the center points of alL the perti-

nent geographic groupingE of the data point. Thus, the various geographic

levels may be directly referenced in MOD processing if desired, i.e., the

coutinent, country, province, etc., of any data Foint can be immediately

determined. This method of access does not enhance retrieval, however,

since requesting a given country or province, in terms of location, woul.d

yield the same results. Direct access to the geographic levels of a data

point will be beneficial for some operations which require manipulation and

calculation or comoination operations.

Each LOF reference number in the LOF code for a location actually con-

sists of longitude and latitude coordinates. Since the lowest (non-synonym)

level number provides the most precise geographic location of the data point,

it is advantageo: s to repeat these coordinates in each data point record.

7.3.2 QUERY REQUESTS

With this representation of the geographic location in the Data File,

any area can be referenced in termB of the longitude and la titude coordinates

of its geographic name. Moreover, the desired boundaries of a map could,

theoretically, be expressed in terms o retrieval conditions or output spFeci-

fications. Thus a map of South Amcrican data could be prcduced by request-

ing that the output be "South Amric'" (or "Longitude S30 to N15, Latitudv

W85 to W30") or, more *recisely, by specifying that "(LOC) - South America"

(or "LON > -85 + (LON < -30 + (LAT _ -30 + (LAT - + 15)". However expressed,

it is obvious that only appropriAte data points should be considered in the

Retrieval Subsystem.

* previously stated, a query request consists of: retrieval condi-

tioi.s, synthetic or manipulative operations, and output speclf!,:.tions. it

7
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is envisioned that, after implementation of and operational experience with

the MOD system, all three of these aspects will be included in a single

comprehensive query language, well suited for use by the medical profession.

Ultimately, then, the entire query, expressed in that query language, will

be interpreted by a preliminary program that will identify and isclate the

processing requirements in terms of the Retrieval, Synthesis, and Uudtput

Subsystems. But until the MOD query language is developed, each of these

subsystems will require its own control-card input -- nd the user will have

to specify every operation to be accomplished in each subsystem. dowever,

the processing required in the Synthesis and Output Subsystems is often so

interrelated that completely separate control cards for these two sub-

systems would require unnecessary marnal ffnt - the part of the user;

furthermore, it would lead to errors of inconsistency. For this reason

in the inti-im system for query requests, it is recommended thl-,-t the request

control cards be limited to two categories: (1) retrieval, and (2) synthesis-

and-ouput. The interim system can generate the processing required in both

the latter subsystems from a single request entry. Examples of a complete

set of synthesis and output control cards will be given after MOD system

output usage is discussed.

7.3.3 CALCULATIONS

The manipulative or synthetic operations desirable Li the synthesis

subsystem are those which can be utilized for both optional calculki~ons

and required mapping calculations. These operations can be meaningfully

performed upon any single-LOF quantitative MOF (i.e., a MOF whose LOF's are

numbers, n contrast to a qualitative MOF, whose LOY's are words). These

operatioas could include the calculation of the total, maximum, minimum, mean,

median, and other arithmetic combinations from the numbers contained in any

such MOF as found In a group of separate data points.

Some of these calculations require (or can be achieved by) sorting the

- Data File. The selection or rejection of the greatest ot least
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numerical LOF's in a quantitative MOF is such an operation. Of course the

interpretation given to such relative maximums and minimums varies with 'e

requestea MOF. For example, in MOF's involving time, the greatest and least

values would represent the mcst recent and 'he oldest data points, respectively,

if the 4OF is properly constructed.

Calculations of maximum, minimum, and averabcs could be accomplished

with addiLional processing . the Retrieval Subsystem for a limited number

of MOF's. It is reco mended, however, that in the initial development of

the MOD system,all statistics be calculated in the Synthesis Subsyscem

because:

(1) Not all calculations could bt performed at
retrieval time.

(2) All or some of the c.lculations may be utilized
during the combluation portion of the Synthesis
Subsystem.

(3) If these calculations are performed for all data
points, the basic retrieval oper.itions are
extraneous.

(4) Since other calculations may be desired later,
there is advantage in (eventually) designing a
general-purpose calculating program rather than
modifying the (interim) closed Retrieval Subsystem.

(5) Control car.. tormats can be much simplified.

The output of the P-i0D system can be considered ae a summary of certal.

characteristics of the 40D data -- ,as give a pictorial summary, thc re. 's

a verbal surmmr. The desired characteristics are located by the Retri:,bal

Subsystem and then st-mi~zed by the Synthesib Subsystem. Eaco of the ay, -

thetic or manipulative operations provides a different type of sumary and

can be performed on any quantitative 'VF for the entire set ot retrlei'kd

data points. .Bore,7,er, these opera~lons can also be performed kor anv well-

defined homogeneous ibhset of Lhe retrl'ved 4ata. Consider these examples:

(1) the average number of cases of a specific disease could ' e determined

with respect to all of the data points, e.ach of which had all the other
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desired characteristics; (2) the average prevalence or incidenc:e ot a pactt-

cular -sease for each given year could also bi ascertained frc a group of

data points having the necesaary elements, and this av erag. could eitner be

based upon all the data points or upon only ti.ose from times when there were

no epidemics occurring.

lilustration (2), above, is an example of performing a calculation on

a single-UTL quantitative MOF, sa4 A, for each LOF of ancthex JF, say B.

For simplicity of expression let us represent ti..is type of operation by f(A)"

(B), u-here f is any defined calculation. If the calculation is to Ia per-

formed with respect to the entire file, let' us denote this operation by f(A):

(#) for cn-patibility. B need not be numeric for the operation to be mean-

ingful since the 7alculation is performed -or each different LOF in B. The

u&' al daLa pr-ucessing technique emplcyed to accomplish f (A): (B) is to sort

the entire (Retrieveid Data) File by B and then to calcul le f(A) for all A's

which have ,he same _. -,s, it. effect, a separate calculation is performed

every time B cha,.ges. in tnis calculatirn, it is assumed that there is only

one MOF "A" and MOF t'B" in each date point recor, hence f (A): (B) is an inter-

record calculation.

It -o- be desirable to perform calcul-cions on several single-LOF

quantitative t3Fs within each data point record. This is an intra-;ecord

calculistion and can be denoted by f(A,B,.. . ,X).

In the initial Synthesis Subsystem it is recommended that a general.-

purpose CALCULATE program be written to compute only the following calcula-

tions:
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TOTAL TOT

MAXI 4, X MAX

N-GREATEST MAXN

MINIMjM MIN

N-LEAST MINN

MEAN MEAN

ED:AN MED

STANDARD DEVIATION SD

ADD +

SUBTRACT

KJLTIPLY *

DIVIDE /

The CATLWLA r program would contain each defined calculation as a sub-

routine, thus meaningful combinations of these ca.lc.ulations would be reia-

tively simple to perform. However, an order-of-operation or parenthetical-

grouping standard or convention would have to be established to make these

combinations well-def ned.

Since tue results of these calculations must be transmitted within the

system, we will, now consider their internal representation within the system.

Calculations which are Frrformed with respect to the entire retrieved

data file will be contained in a generated last record of the data file.

Intra-record calculations will be stored in a new MOF of the data

record and given a MDF designation equivalent to their (calculation) f-

designation, also indicating what MOF's were involved in their calculatLn.I

The resultant calculation will also be stored in main memory for possible

utilization as an operand in another calculation.
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Inter-record calculations can be constructed in either of the follow-

ing ways:

(1) All of the original data point records plus sumary records.

Each summary record would contain f(A) as the LOF for
the MOF A, and would immediately follow the group of
data point records to which it pertained.

(2) Summry records only.

In these records, any subset of the summarizea MOF's,

i.e., all KOF's whic:h were constant during the
calculation, plus f(A), could be written for e-:bh
resultant calculation. This second type would require
an additional specification to f(A):B, which would

indicate those MOF's to be included in tie summary
record.

7.3.4 SORTING

The specification of the OF is sufficient to acc, mpiish f (A): (B).

Actually, however, B may be the most mir.or W'1JF of several MOF's into whose

sequence the Data Fiie was sorted- For the present, it is suggested that

all of the k.F's required for the proper sorting sequence be explicitly

stated on a sort zard. In the ultimate MOD query language these sorts can

be automatically generated from the calculation specifications. In addition

to their utilization ior calculations, sorts will be effected in order to

achieve a deiLred order in output reports. Unlike map output, the signifi-

cance of printed alphanumeric reports can be greatly enhanced by a provision

to vary the order in which the desired data points are listed. The sorting

does not require an additional computer ran if the LOF's (or MOF's) are to

be printed in the form of their textual descrintions. But in this event,

th Data File must be matched against the Dictionary File to obtain the

proper descriptions. This process can best be accomplished if the data

records are decomposed into MOF/LOF recor, s and sorted, hence, the result--

ant file, containing the textual descriptions, would have to be re-sorted.

Only those MOF'6 which are to be listed need be decomposed and sorted. The

MOF's zo be decomposed, and their desired output order, can both be obtained
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from the output specifications without additional synthesis control cards

in the interim MOD system.

The nature of the WD Data File requires that two features of its

structure be given special consideration in sorting. First, the variable

locations of each MOF in the file are not suited to standard sort programs.

This difficulty can easily be rectified by reformatting the data point

records so that all the MOF's to be sorte are placed in fixed locations as

they enter the first pass of the sort program. Secondly, a Droceddre must

be established for sorting multi-LOF qualitative MOF's. Although quantita-

ts;' certainly be defined so that they are single-LOF, it is often

desirable hav nulti-LOF qualitative MOF's. As the system has been de-

signed, all of the LOF's within a single MOF will have equal significance,

thus only the following two methods of processing multi-LOF MOF's are

feasible for sorting MOD data;

(1) Sort on the first LOF for each MOF but retain the

other LOF's. The process~ig in the WID Storage

and Retrieval Subsystems will cause the several

LOF's to be sequenced by increasing LOF code

number within each MOF.

(2) Create an entire new data point record for each of

the several LOF's within a MOF. All oi these

records would contain the same data plus a generated

flag.

Either of these methods could be specified for each (qualitative) MOF

which is to be sorted. For the present, the user would indicate the better

technique after considering the structure of the MOF and its containeu LOF's,

the calculations required, and the type of printed or mapped output desired.

Both techniques could be used in the same sort program for different MOF's.

The general form of so-t control card to sort the file by MOF's A,B,e, and D,

respectively, could be SORT (A,B,C,D), where A,B,C, and D are the MOF
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designations. In the second technique for sorting multi-LOF MDF's, those

MOF designations could be prdfaced by an asterisk "*". If no choice were

indicated, the first technique would automatically be employed. Often the

sort control will be supplied from the output specifications, and the same

conventions can apply in a print control statement. If a single-LOF quanti-

tative MOF is chosen for inappropriate processing, the sort statement will

be flagged and the option will be ignored for that MOP. Later embellish-

ments to the MDD system could assign the better method for e :h MOF auto-

matically, and could include options to reformat the entire data point re-

cord prior to its being sorted.

7.3.5 COMBI'-IONS

Thus far we have considered summarizing operations which are op-

tional for either printed reports or maps. Certain summarizing operations

will always be required in order to produce a meaningful map from thc, re-

maining retrieved data points, however. These summarizing operations in-

clude the following:

(1) Making the data point values consistent in form so
that they may be meaningfully compared and calcula-
Uions performed on them.

(2) Combining all data points which possess identical
LOC's (locations).

(3) Combining, then, all such points which will be
mapped at the same grid point.

Many possible ways of combining data points can be envisioned; most of them

reduce, essentially, to taking some sort of average LOC (location), and

coupling It- with an average of the VAL's (values) of the data points.

The MOD Data File consists of data points extracted from medical papers

in which the degree of geographic significance will vary and in which the

geographic areas will be inexact. There may even exist data points which

reflect contradictory data, i.e., all their independent LOF's/MDF's and LOC
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are ±deutical but the values (AL) of the points are different. Such contra-

dictory points could be purged during MOD Storage Subsystem processing or

allowed to remain in the Data File and then "combined" in accordance with

the established combination techniques. It is anticipated thef- many of these

"extra" data points will be eliminated from consideration for a specific map

output by the retrieval requests and processing. However, any points for the

same location which remain after such processing must be combined prior to

mapping.

The geographic points which oust ultimately be combined to produce a

mappable point depend upon both the lowest level of geopraphic unit to be

considered and the deeired grid size. For a given area the user may wish to

vary grid size since, as previously demonstrated, different grid sizes can

produce dissimilar waps. The size of the area to be mapped can also in-

fluence the desired giid size For example, maps of the world, or of a

country, or of a state would probably be automatically assigned grid-mesh

sizes of I0, 1/20, 1/100, respectively. Ar; grid size larger than the

smallest grid size contained in the location part of the Dictionary File may

be constructed by combining all data points at the closest new grid point

location.

All of these necessary combinations of date points can be achieved by

use of th' previousLy uiscussed calculation program (CALCMLA'.) of the

Synthesis Subsystem. When this program is used to effect final synthesis

for mapping (during initial MOD implementation), we suggest that no new

functions be defined for this purpose. Later, a new algorithm may be

developed aich will optimize this operation, in which case that algorithm

can be added to the calculation capabilities of the entire Synthesis Sub-

system, and can be made the standard procedure unless another mpthod is

explicitly specified by the user.

In our discussion of the Y2D gazetteer and grid functions, it was noted

that once the LOC (location) t-id been established for a data point record,

7 - 69



MAPPINC OF DISEASE

all defined geographic levels of this location could be referenced if de-

sired. These levels appear to be a suitable criterion for the geographic

combination of data points. For example, a map displaying the total number

of cases of a specific disease per province could be produced by summarizing

the data point values (VAL) at the province (PRO) level. This calculation

could be performed by the synthesis statement TOT(VAL) : (PRO) after the

retrieved data points hal been sorted by location. A map if the same data

by county (CTY), and with the grid size decreased to 0.5 , could be

achieved by TOT(VAL ; (CTY.5). In this calculation any data point whcse

location did not include a county specification would, of course, be omitted

from the total.

In the MOD System, the mappable value (VAL) of a disease data point

may be represented in terms of both absolute numbers and rates or percent-

ages, and the final combination of data points for mapping will often in-

clude the requirement that these percentages be combined. Although the

combination of percentages is less well-defined than that for absolute

numbers, various types of such combinations can be calculated if the values

and sample sizes of the data points t) be combined are knownl. For example,

50% and 10% can be combined to yield . value of 10.784% if the respect lye

sampling were known to have yielded 1 out of 2 and 10 out of 100 cas s

positive. However, the same percentages could also have been combined o

values of 30% or 60% depending upon the combination technique employed and

the sampling situation involved. In the MOD system, the data analyst will

probably be the one (initially) to specify the best method of combining

pertinent percentages. For example, the combination method could be speci-

fied by TOT(VAL)iTUf(SAh) : (1O) if VAL and SAM were the MOF designations

for Value and Sample Size respectively, and d grouping by province were

desired.

Often, the sample size for the disease measure cannot be determinEd

from the data included in the published report. For this reison, MOF's fcr

the largest and for the smallest sample sizes, (LSZ) and (SSZ) are
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contemplated. In this event the data analyst mutit also specify the method

of calculating the sample size to be used. If in the example given above,

an average of the largest and smallest sample sizes were desired, the data

analyst woul( spk ify TOT(VAL) / TOT(MEAN(LSZ, SSZ)) : (PRO). Of course if

the sample size were actually kna , both MOF's would have to contain the

same numeric value if this calculation were to be well defined for all data

point records

7.3.6 ENFANCEMENT

For the production of m=,s,the final combination opezation mlist re-

duce the MOD lata o longitude-latitude coordinates and values. This

coil _ti,)n of poi- s may then be enhanced by the addition of other points

as the final processing sten in the Synthesis Subsystem. The techniques by

which - )ntour and sbided m.a.ps will probably be drawn require that tnose

points in non-applicable areas which fall within the longitude and latitude

range of the m-o to be produced be added in with the set of previously p o-

cessed (retrieved aiAxu combined) data points. These points can be added by

obtaining the non-app.icable locations from the dictionary (grid) for the

area to be mapped. n additien, 'f a shading map is to be drawn, those

grid points which fall within the area under consideration, but which are

not contained in the retrieved data, must be added in oider tha- the geo

graphic exte, t of the area be properly represented. Each of these points

must be given the sane value as the appropriate retrieved data point, and

their 1c-ations can be obtained by matching the rLtrieved data points

against tb- dictionary (-rid). (The same te-hnique could be applied to Lon-

toor maps, but it is more common to use o3,iy the center points of each geo-

graphic area for such awvps.)

T!V- inclusion f certain non-applicable points could be extended to

all type of maps to provide P graphic representation of the area boundaries.

, t the oresent time, however, this process is unnecessary since t.ese

ooundaries would be evident on the base wap (upon which the MOE distribution

map is to be overlaid).
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Data 1rocessing

7.4 OUTPUT SUBSYSTEM

The )bjective of the MOD System is to display medical data in terms of

geographic distribution. In order for the stored, retrieved, and synthesized

medical data to have significance for the user, the resultant data must be

meaningfully displayed. The Output Subsystem (see Fig. 7.6) provides this

display in the form of maps and reports. The Storage, Retrieval, and Syn-

thesis Subsystems will have produced internal records which contain the

required data, thus the Output Subsystem is the least complicated both con-

ceptually and structurally. (Actually, most of the output considerations

had to be formulated initially in order to design the other three sub-

systems.)

7.4.1 REPORTS

Reports will provide an alphanumeric or verbal listing of selected

MC' data. One program should suffice to accomplish all printing require-

men s. Printouts will normally consist of several pages. Eah page will

.nclude a brief heading and the page number, and, at least the first page,

will also contain the entire query request. Usually, the textual descrip-

lion of each desired LOF will be listed, but provision should also be made

to list only the LOF code number. This latter type of report would be

pi-ticuiarly useful in the early stages of implemenLing the MOD system sinct

it -ould eliminate the additional processing required to convert the data

file LOF codes into LOF names. In addition, the user should be able to

reque t that WOF's be listed by their textual description or by tneir MOF

,ode designation. As previLvisly ment.oued the conversion of MOF's or LOF's

to theii textual descrirtions must be accomplished ,y the Synthesis Sub-

system tLe assure proper continuity within the system. In either event

any question marks associated with particular LOF's would be printed.

For additional flexibility, the W)D output reports can be furnished

ii, eitler of the following forms:
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(iU Free form -- An entire data point or any portion of it

can be listed in free form across the printed page. If

the user specifies the 4OF's to be listed, 1e also indtcates

the order in which they are to be printed from left to

right. The first designated MOF will protrude to the ft,

for each data point. If no MOF's are specified, all MOF's

will be listed, and they will appear in the same order as

in the data point record with the data point number first

and the narrative last. A MOF description will imriediately

precede its contained LOF's. If MOF code designations

are used, the ,AOF and LOF entries will be listed in free

form across the page. However, if the textual descrip-

tions of the MOF 1re desired, each line wKi_ probabl"y

contain only one ' )F and all of its LOF's.

(2) Fixed form -- A tabular listing of portions of a data

point is pkinted on each line of the report. For this

type of report the user mast not only specify the MF's

to be Listed but aust also indicate the maxiam number

of characters which he desires to be allotted for each

MOF. The MF's will be spaced across the pae auto-

maticall,1 therefore the it'a -"axiaum number of charac-

ters, plus at least one space between each MOF, rmust

no greater than tie otal number ot pri-t positions

across th page (usually 132). rhe right-nos ira-

ters ot a LIF will 1e omitted if its textual desrOption

exceds the allotted number of Tharac tes. Tie t irst

I ine of each page (at ter the he ad iig) -: I L cons of

,t .)F titles for each olu :.n . Again, riese can ,e

teIther MiF code dcsignat ions ort xtuaa descr p io.

ihe latter descriltio,'ns will aiso he Lruncate.i ii t!,.ere

is insufticient allotzment for character length.
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7. Data Processing

In fixed-form reports only the first LOF in a group of LOF's all

belonging to the same MOF will be listed; all such LOF's will be printed in

a free form listing. For this reason, if the report is to be printed in

fixed form, ordinarily the user should elect to create multiple records in

the SORT program of the Synthesis Subsystem.

Calculations that were performed in the Synthesis Subsystem will also

be listed in output reports. But in the initial system,the data analyst

must insure that all sorting and translation is accomplished prior to inter-

record calculations in order for the summary records to appear after the

appropriate group of data points. Inter-record calculations will ',e printed

as separate lines in either fixed-form or free-form reports. Intra-record

calculations will appear with the name of the calculation as its MOF title

within the record print-out for either type report, if the calculation is

designated in the output specifications. Calculations for the entire set

of data will be listed last.

7.4.2 MAPS

Maps (and the very similar block diagrams) will provide a pictorial

or graphic display of the selected MOD data. In the modular development

of the MOD System, Experimentation with existing mapping techniques and

selected subsets of data did not proceed to the point of yielding final or

definite data-processing solutions to all mapping aspects and problems.

However, it is certain that the production of a finished map from the syn-

thesized data will (ordinarily) require three steps:

(1) Project the enhanced de.ta points in accordance
with the projection specified (generally the
same as that of a base or environmental map
with which the MOD disease map will be compared).

(2) Grid the projected locations of these points for
contour and shaded maps.

(3) Produce a map with a plotter.
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7 .4 2.1 Proection After the flnal 5ynthesis and enhancement of the

data points, these records will contain two elements: the location (longi-

tude-.laticude) of eqch point and the value (of that point) to be mapped.

-ait these longitude and latitude coordinates cannot be direcriy transcribed

onLo a meaningful map since these coordir-es are actually two-dimeniional

locations on a three-dimensional spleroid. Maps are conventionally con-

structed from the projections of these cooiinate>, except for maps of very

small areas. Among the most commonly encountered map projections are the

Mercator, Miller cylindrical and Goode's homolosine projections. Most of

thesc projections will be .iseful for the MOD system since each displays a

better pictorial characterization of earth areas and distances under differ-

ent circumstances. Moreover, since the MOD-produced maps are to be over-

laid onto existing environmental maps, various projections of the MOD data

will be required to make this data -orrespond spatially or areally to the

environmental data. Formuiae by which the longitude-latitude coordinate

values can be tranpformed into X-Y coordinates for any of these map projec-

tions are readily available -- in fact, there are existing computer programs

which wiLi perform most of these transformations.

7.4-2.2 GAiddijig ter the MOD data point locations have been trans-

formed by the appropriate projection, existing computer mapping techniques

require that the MOD data be gridded to produce either a contour or shaded

map. Gridding consists ot constructing an array of new points (the vertices

of regular prlygons) from the existing points. The'e polygons are most

often squares, rectangles, triangles, or henagons, and are called grid

boxes. These grid boxes usually are constructed to have equal areas, al-

though a variable grid size is occasionally used. Each point on the new

grid is absigned a value by interpolating between the values of those data

points relatively near the new grid point. In some techniques the gridded

area is smaller than the original area, in others it is slightly larger.

Each interpolated value can be calculated by methods which range from a

consideration of only two of the original values to those which Include
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every originai 'alue, and methods which involve simple linear intetpolation

to complex non-linear interpolation. Use of the nearest five to eight

original data points app ars to be optimal.

The grid-point values obtained by these techniques give values to the

closest integer suitable for the production of contour maps. However, these

methods w-uld have to be modified for producing shading maps, providing for

each grid-point value Lo be the same as the original value fcr that area.

It may be desirable to grid non-data- valued locativns in this latter manner

for both contour and shaded maps.

Grid criteria can be established so that dot, shaded, or c3ntour maps

could be produced on a line printer. Each grid point would have to be cne

of the print locations on a page, and the scale could not be varied from

10 x 6 or 10 x 8 points per square inch. Under these conditions contour

maps would have to be rel esented by groups of the same icInt character

rather than lines, in which case shading would consist oi discrete charac-

ters rather than continuous symbols.

7.4.2.3 Production of Maps If MOD maps were to be produced ou a printer,

the processing required to produce maps from the projected and gridded MOD

data would be relatively simple. However, it is envisioned that MOD maps

most commonly,would be drawn with an automatic (digital) plotter. The

actua. plotting operation is almost always accomplished off-line, i.e., a

magnetic tape is created during the system processing, and, subsequently,

this tape is used as input to the plotter device. The magneLic tape con-

sists solely of a series of X-Y plotter coordinate points and an indication

of whether the plotter pen is up or down between these points.

The conversion of the grid coordinates to plotter coordinates _ter-

mines the scale of the resultant map. The plotter coordinates are expressed

in X-Y values with accuracy from 1/100 to 1/500 of an inch. One inch on the

plotted map n he equivalent to a varying number of miles In different
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areas of the earth, depending upon the type of projection. The scale of

miles, in terms of inch equivalent1, is obtained from standard reference

lines in each projection. The desired scale must be specified by the user

and ahould conform to the scale of the existing environmental map with

which the disease map will be compared. The conversion of t1. grid points

Lo any scale is always a linear transformation. Obviously, the maximum

dimensions of the plotter page must not be exceeded. For drum-type

plotters, one dimension can be indefinitely long, but both dimensions are

restricted if a flat-'6cd type plotter is used.

The plotter instructions to produce any desired legends, numbering,

and register marks is also represented on the plot tape by a series of

X-Y coordinates. For plotter efficiency it is recommended that the identi-

fication and the legend drawn with the map be brief, and that lengthy

groups of characters, &.ch as the entire query request, be listed on a

printer.

A computer program is necessary to create the plotter tape from the

gridded (or projected) data points. For contour maps alone, many such pro-

grams already exist, but each was designed for a specific application un-

like that of the MOD project, and we do not yet know which program would be

the most generally suitable for MOU , rpoes. These various programs pro-

duce quite dissimilar maps with the same data. Although sume existing

programs have worked wpll .,.th certain MCD data, it iz not fully apparent

yet whether it will be more desirable (ultimately) to modify an existing

program or to design and implement an entirely new one.

Different programs will probably be required to produce various types

of MOD mapn. Processing methods and other considerations for each type of

map are as follows:

(1) Dot--type maps: In dot maps, the value for each point can

be appended to the point's location. Zero values can be

indicated to contrast with unknown values. Dot maps may
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also be used to illustrAte absence or presence without

any indication of numerical values or rates. Each point

and its value are drawn directly from the projected

(scaled) locations.

(2) Shading-type maps: For shading maps indication of the

interval values and the symbols which are to distinguilu

the value levels representing each such range must be

supplied by the user. Since these indication will be

punched onto cards, bcUal provision must be made in

specifying non-standard computer characters for the

shading symbols. A common plotter practice is to pre-

define these non-standard symbols by -umbers or short

words. These numbers or words are then used in the

symbol designations. Later,the symbols can be assigned

automatically in a standard sequence of increasing

density. Non-applicable areas could appropriatsiy be

assigned a special symbol. The map wou be drawn from

the (scaled) grid points. Each grid box could be shaded

individually. Alternatively, adjacent boxes possessing

the same shading value could be shaded at one time.

(This would require some additional processing, but would

substantially speed the plotting operation.)

(3) Cont-xur-type maps: The desired contour intervals must

be provided by the user. Eac ' interval could have an

equal increment or each increment couia be explicitly

requested. The usual contour technique is to draw all

:he appropriate contour lines wi "in each grid box, one

at a time, and then proceed to the next grid box.

Provision must be made to end the contours at user-

specified, non-applicable locations obtained from the

Dictionary File. The values of the contour lines could

be indicated on ne wap (Shading and contour intervals
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for cercain data migb be too small to oe read.

Such a situation could be 4etermined prior to

mapping -nd remedied either by terminating, with

an appropriate me age to the user, or by auto-

matic selection of a mcre suitable type of map.)

(4) Combnation-type ma Some combinations of

rh-se typs can often produce more meaningful maps

than can a single type. A contour map which also

Indicates the original data points would be of

value where the contours were a better representa-

tion of -" - A contour map in which the areas

between contour lines were shaded would graphically

relate similar values and distinguish peaks and

valleys. It is theoretically possible to combine

meaningfully shading and dot maps, but there are

technical limitations since their reprtsentatlon

by the plotter wouid often be unreadable.

7.4.3 MLTIPLE OUTPUT

A man presents a pictorial description of the retrieved data, but

this portrayal is limited to location and value. It would often be de-

sirable to augment a map with a verbal description of some pertinent MF's

associated with each data point. A report accompanying the map could de-

scribe the data points in terms of the summarized points, its component

points, or both -- or the narrative accompanying its component points.
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5 8Output usage

ABSTRACT - This sec ion discusses

operational procedureg and considers

how the MOD system can be most effec-

tiveky used. In the "Notes to user",

inherent limitations of the ma) fo. "

as a means of prc ' nting information

a'A ow a d~o restrictions m-

posed b the data base. Potential

app7 Kations of the MOD system are

considered, and seoer< exap1es are

g ven.

"Ti- interpietation of kr..-wledge must take

ign,, Lance into account."

Professor Levy
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The (implemented) MD system, including its data bank, is simply the

tLi',s to an end, It must be used effectively to give insight into

disease/environmental situations, helping the user to arrive at informed

decisions which will Lead to appropriate action.

THE M 0 D SYSTEM

collected informed

evaluated effective

rearranged A
DATA INF CT 1

compared

collated

pre nrncesged

P A S T P R E S E N T FUTURE

The tre purpose ofj know ede resides
in the !oweqences of directed action.

John Dewey

Continuing experience with the operational system will be necessary

to reveal all of the ways in which the MOD system can be used effectively.

Obviously, the details of such usage cannot be given now, but as a guide

to our development of the system, a basic pattern of output usage was

formu lated.
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8.1 OPERATIONAL PROCEDURES

The MOD system is unique and sufficiently different from other systems

to require detailed instruction. This instruction will be provided by a

user's manual" which will explqin the language tnd the detaiied procedures

for operation. The major steps are as follows:

(!) User conceives of an idea or hypothesis that he wants

to Lest witi, the MOD system.

(2) User writes out a rough-draft preliminary query, in-
cluding retrieval conditiutiN cxnsisting of:
disease/environmental factors, and geographic
locations/areas, and synthesis, and output specifica-

tions for the kind of map desired.

(3) Data analyst, in conjunction with user and/or data

consultant, rephrases query in terms/format
ac,..eptable to MOD system.

(4) Query is keypunched.

(5) query is batched with others and fed into system.

(errors are returned and corrected, then re-entered
by using procedures prevlisly outlined In steps 3 or 4.)

(6) 1uiOZJ .stem retrieves data points from Data File,

manipulates them, a1d produces maps (sometimes
accompanied by supplemental reportb), .--h showing the
dis~ribLzion of the areal variations of one dise.i

environmental factor.

(7) User takes the maps and compares them, ordinarily by

avzrlaying them on each other and on (published/drawn)

base maps (taken from the MOD map library) to determine
pattern Lit, including, perhaps, variations in pattern
related to year, season, etc., etc.

(8) User observes :ew interrelationships (not new data)
and gains new perspectives and increased understanding

Of the JiLie /eivi~oImt...ai situation (e.g., sallent
disease-environmental relationships dlscvered/
cor-firmed/disproved and/or pertinent modifications

that need to be made in data collection/data files
and/or better ways to phrase the old query or to
formulate a new query in order to generate &.-diliunal

inf ormat on).

continued next page

8-3



MAPPTVG OF DISEASE

(9) user draws conclusion, makes (informed) decision(s)

and initiates whatever action(s) ib deemed
desirable/neceesary,

Figure 8 - 1 illustrates, in schematic fashion, the various steps

that are followed in the MDD system: collecting data. preprocessing it

for computer input, manin ilattng it in response to query, and outputting

it ra information in accordaace with users specificati-ins.
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. 4 )t put Usage
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Figure 8-i continued.
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8.2 N1',TES TO USER

In the MOD comuterized system it is the user, not the system, who

makes correlations Letween the raw data and output map, evaluating the

various factors which make -he map look as it does. The cjmjtpr system

will not perform analysis of Lhe maps produced nor will it make judgments;

it will merely manipulate (according to rigidly defined algorithms) ex-

tracted, formatted data (from that pool of data which was prtiiously put

into the system) and output these manipulated data in the form of maps or

other reports, in the manner specified.

As has been discussed before, it is the mandatory responsibility of

Lle user to understand maps ond their use, in general, before attempting

to rerpret specific maps produced by any system. The potential user of

the MOD system will require :onsiderable orientation and training in three

areas: logic (to pose the query); cartography (to understand what a map

is, what it Lan do, etc.); and the biomedical discinlines (to understand

the limilations of data, including what kinds can and cannot be manipulated

and mapped). The effective use of maps involves comweLence on the part of

both the compiler and the reader with respect to three fundamental factors:

an uridcr!,tanding of man scales, how to determine position, and how to

present the data in a form that can be readily assimilated.

For example, various situations may all result in similar-appearing

blank areas on a disease-distribuiion map. The MOD system user must be

aware of several possible causes uf such blank areas if he is to interpret

the map correctly. Some of these possible causes are:

(I) The disease was looked for but found to be absent. (Ideally,

this is what all blank areas should indicate, but this
ideal is a very long way from fulfillment.)

(2) Thc disease never been looked for, or diagnosed,

or reported iom that region (but may be present the-e).

(3) The disease is present but has been incorrectly

diagnosed and rep rted as something else.

i The region mapped is uninhabited.

____ ___ ___ ____ ___ ___ ___ _ __ ___ ___ __



Before making his query the potential user of the MOD system should

je required to check the MOD Map Library catalog to see whether or not the

map he wants has already been requested and ouput for a previous worker.

We suspect that, in the study of disease and environmental sitiations,

assuming full operation of the MOD system, most of the disease maps will be

computer-produced, while most of the environmental maps will either be found

already published in suitable form or will be manually-produced from data

presented in books, atlases or major reports.

When the user (usually a professional biomedical person) compares the

maps, he will do so visually on a trial and error, i.e., subjective basis.

For example, he will look at ana compare a map showing the distribution of

lcptospirosis with another map showing Lhe distribution of rainfall in the

same area and conclude, perhaps: "leptospirosis is related to rainfall".

His basic operating assumptiou is that a similarity of distribution patterns

on maps implies some relationship among the factors mapped.

Maps produced by the computer can be output on transparent material

which can then be combined (matching geographic points) with other factor

maps. '"he practical limit to the number of overlays is probably quite low,

for the whole purpose of this type of data processing is to simplify the

situation being considered so that relationships are clarified. If the

patterns exhibited by the disease and environmental factors are similar

(i.e., they match), some relationship can be assumed between The disease

and environmental factors. However, only further study can detericine the

nature of that rclationship -- whether it is cai" il or, merely asso 'iative.

Figure 8-2 illustrates the various types of such relationships.

Other ways by which existii.g maps could be compared with data con-

tained in the MOD system data files involve manipulating the existinS map:

The data it contains could be digitiied and input to the computer files.
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MAPPING OF DISEASE

TYPES OF RELATIONSHIPS AMONG
DISEASE AND ENVIRONMENTAL DATA

DIRECT CAUSAL
RELAIONSHI P

A I&I--I® A 

INDIRECT CAUSAL
RELATIONSHI P

.. ............ . . B

INCOMPLETE OR PARTIAL
CAUSAL RELATIONSHIP"V/

ASSOCIATIVE
RELATIONSHI P

ACCIDENTAL

,)RELATIONSHIP
*AAA &.......... E-/ .

-DISEASE (DATA) UNDER STUDY

--ENV!RONMENTAL FACTOR (DATA) UNDER STUDY

@-OTHER ENVIRONMENTAL FACTORS NOT DIRECTLY
UNDER CONSIDERATION

--. DIRECT CAUSE-AND-EFFECT RELATIONSHIP
-- APPARENT (OP DETECTED OR SUSPECTED) RELATIONSHIP
-- 'NO RELATIONSHIP EXISTING BETWEEN FACTORS

Fiure 8-2 Types of relationships among disease and environmental data.

The eye of the observer is evident at the left. Those connections above

the surface are readily seen; those below the surface are not.
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The map could be redrawn manually to a different scale and photographically 4

reduced or expanded to make a new hard copy c' the appropriate scale. A

relatively simple and inexpensive way of comparing maps of the same projec-

tion,but different scale,is to make (photographic) transparencies and project

each of these on the same screen simultaneously, using separate slide pro-

jectors, adjusting projector distances so that the maps -uperimpose. Al-

ternatively, the MOD map could be manipulated, -. the da'a existing in the

MOD data files could be mapped on a new projection, ocale or other basis

to fit the base map.

Overlaying and visual pattern comparing is a very powerful process

because it permits human detectiou of relationships which are so complex

that standard mathematical methods would be unable to detect them. Used

in conjuinction with a computer, the prccess of map preparation is greatly

improved, as the user can get an up-to-date map, i.e., distribution pattern

(as far as recorded data is concerned) within a few ho~irs. The user might

want to l'clean up" manually parts of i computer-produced map, but this is

zelatively simple as compared to preparing the whole map.

8.3 POTENTIAL APPLICATIONS

It is appropriate once again to emphasize that the major objective of

the MD project is to develop a §ys em whereby narrative and tabular data

can be collected and preprocessed (formulated) so that they are suitable

for subsequent computer processing and output in the form of distribution

maps, graphi, tables, and narrative. Although the self-imposed limitations

described previously (input data has mainly concerned the ecology of schisto-

somiasis and leptospirosis) narrow the limits of specific output considered

in this report, they do not narrow the potential lilits of the system. The

system has been d.zsigned to meet certain needs for information dealing with

iniectious diiiease, however, the same system could be used, with little

modification, to analyze the ecologic factors which influence efficient
stockpiling of corn or aluminium, or the ecologic factors which influece

8 -9
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efficient forest preservation or development of recreational fact"Ities,

or the ecologic factors which influe-ce efficient development and location

of community blood banks or Medicare treatment centers, etc. etc.*

OW The value of a computer system that allows rapid presentation of

current or historic disease/environmental information in tabuie.tr, Zraph.'c,

or map form is so obvious that it requires no elaboration, But there are

other, less obvious uses of the MOD system.

-0- For particular diseases, in relation to particular geographic arep,

the MOD system can provide a very valuable research too]. since it makes

possible the rapid presentation, in a vivid way, of relationships among

disease, per se, man, and his environment so that the ecology of disease

becomes more clearly evident, and causally related factors more readily

apparent.

-0- Through correlation of many causal factors in relation to the current

situation and the recent past, the MOD system would enable the user to

determine trends and, in this way, to get a reasonable perspective of what

the future might be.

-1- The MOD system provides much insight -into the minimal requirements of

disease data in order that these data can be computer processed. Thus the

system becomes helpful in preparing data extraction forms for any disease/

environmental situation. In thia way, tiie MOD system can give e.ceilent

support for anyone wishing to carry out a prospective study. It can also

be of considerable value in suggesting ways to evaluate data already on

hand, and in determining the feasibility of a retrospective study.

* Very recently AID (Agency for International Development) has expressed

great Interest in the MOD system as a means of identifying, and character-

izing, and locating (on maps) those disease-environmental situations which

would probably interfere seriously with proposed schemes for economic

development of several Latin American Countries.
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-0-- As an ilAportant by-product, the mere existence of a computer system

which can manipulate disease environmental data to yield valuable informa-

tion will prov.'da an important stimulus to get more and better data -- data

tbat are more nearly complete as well as more accurate. Furthermore, the

MOD system, by pointing out "bare areas" in the aata pool, will direct

attention where it is most needed.

There are two principal ways in which the MOD system could be used to

investigate causal (e,.:ologi') r.lationships in infectious diseases. First,

one could take a set of variables, the values of which were actually re-

corded in relation to a particular disease situation, then determine the

relationships whicl, did exist, Alternatively, one could select a number of

variables thought to be important, then alter these (systematically) to see

if the information ouput was consistent with what might reasonably be

expucted, i.e., whether or not the results made medical sense. Obviously,

both of these approaches have their place:

() To take what did happen and try to determine
why ( n, the sense of identifying dependent

variabl s).

(2) To develop a hypothetical situation and attempt

to pre& tct what might happen under those conditions.

Many specific kinds of questions could be put to the MOD system, for

example:

* Given particular environmental changes, what changes
ia incidence/character of a specific disease are apt

to occur?

e Given the past history and broad trends of a particular
dise-'; ienvironmental situation, what is the likelihood

that major variations in incidenra (i.e., epidemics)
will occur wi.thii the foreseeable future?

& Given particular changes in a disease situation, what
specific environmental factors might have caused or

influenced these changes?

continued next page
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MAPPING OF DISE4SE

* Given several environmental factors, which one(s)
are most likely to influence distribution of
various animals which may act as intermediate hosts
or reservoirs of disease or -- on the other hand --
which may yield economically valuable products such
as pearls or furs, or food?

Given sveral different diseases, what interrelation-
ship, ii any, exists among them? ror exawple, amonii
protein malnutrition, iron deficiency, tuberculosis,
and hook worm infection or between influenza and
(subsequent" pulmonary emphysema, etc.

Obviously, the output of the MOD systei is "'nformation," information

directed primarily toward helping bio-medic& scientists:

(i) Appreciate more fully quantitative aspects of
disease/environmental data in relation to
place and time.

(2) Identify the multiple causal factors of a given
disease and their interrelationships.

(3) Determine interrelationship if any, among
several different diseases or conditions
occurring together.

(4) Evaluate the impact of the disease upon socio-
economic aspects of the area, military
operations, etc., etc.

(5) Anticipate the eifects of alteied ecclogy ua
incidence and manifestations of disease.

(6) Predict variations in incidence and changes
in character of disease that are likely to
occur in the foreseeable future (on the basis
of past history and trend analysis'.

3.4 EXAMPLES

In developing the MOD system, operation was simulated using real data,

data that reflc!ted realistic situations. Many of these operations were

8 12
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limited simply to mapping incidence of a specific disease, but other, more

complex situations have also been explored, as illustrated by the following

examples.

Data concerning t-hc distribution of Burkitt's tumor has been re-
ditwn into the form in which it would be output by the MOD system (Fig.8-3).

One base map of Africa is shown (Fig. 8-3A), on which two other ma)s may be

superimposed. One of these maps tFig. 8-3C) shows thu occurrence C!

Burkitt's tumor -- the other (Fig. 8-3B) shows those regions in Africa where,

simultaneously, the altitude is unider 5,000 feet, the seasonal mean temper-

ature exceeds 600F, and the total annual rainfall exceeds 20 inches. When

these maps are overlaid they give the appearance shown in Fig. 8-3D.

Data dealing with the distribution of goiter and the iodine content

of water in the United States provide a second illustration of these tech-

niques (Fig. 8-4).

For a third example of MDD syste2 usage, we returned to the

standard set of schistosomiasis data used previously in testing the various

computer-mapping programs. Again, we emphasize that this example is offered
only to illustrate technical aspects. With the restrictions imposed by the

limited data being used, one must not draw firm conclusions about the dis-

oase-environmental relationships.

Assuming that a user is interested in the relationships among infection

rate of schistosomiasis, rainfall, and temperature in eastern Brazil. He

can ask for separate maps, each showing one of these factors (Fig. 8-5A,BC).

thEn overlay them (Fig. 8-5D) to compare their distribution patterns. From

this it appears that July normal temperature does not influence the infection

rate of schistosomiasis, but that total annual rainfall may.

Because of the way in which the MOD files and programs are set up, the

user may query: "What is the infection rate (%) of schistosomiasis due to

Schistosoma mansoni in man, in eastern Brazil, where (simultaneously) the

-- text continued page 8-18
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S 4-1 + 4--/ DB

F_ur 8,-3 Data concerning Burkitt's tunor

(Burkttt, 1962, p. 77-78; used by permission)

reLast into a MOD-like output form: A, a base

map of Africa; B and C, maps which would be out-

put by the MOD computer system to show: in B,

areas (shaded) where these three conditions

exist simultaneously -- altitude is under 5000

feet, seasonal mean temperature always exceedsani', curne dt)o Brit'

60 F, and total annaal rainfall exceeds 20

inches, and, in C, occurrence (dots) of Buirkitt's

tumor. D, shows maps -f A, B, and C cverlaid to

evaluate the extect of pattern match. ..

6 D
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-- iI

F zdae d-4 Data implying relationship between +

goiter and '- -ne content uf drinking water -

Henschen, 1962, p. 190, about 1920 -- rearrangod

into MOD-like format. A, a base mqn of U.S.;

B, a MOD map-llke output showing areas (shaded) K

with iodine ontent of drinking water low (less

than 0.23 parts per liter); C, a MOD map-like NJ

output snowing areas (shaded) with goiter fre--

quent k5 or more cases per 1000); D, maps of

A, B, and C overlaid to show similarity of tie

distributiun patterns of the two factors. J.§e ;g. 3-4 .J- 8.
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See opposing page

.j~rc' 8-.5 Maps showing distribution of temperature, rainfall, and

schistosomiasis data in eastern Brazil: A, July normal temperature, °F,

(Rand McNally, 1964, p. 11); B, Annual rainfall, inches, (Rand McNally,

1964, p. 97); C, Infection rate, %, of schistosomiasis mansoni in man,

based upon data grouped by province (taken from Malek in May, 1961, p.

305-6), drawn manually by the MOD study team; D is a map made by over-

laying A, B, and C, (70 F contour from A is shown as a dotted line; 60-

inchies raintall) contour from B is shown as a solid line; 0, 10, 20, and

30% (intuclion rate) cont ,,., frcm (. are represented by dashed lines); E,

Dot-type map showing data points that world have been retrieved and output

by MOD system in response to query aiking for the combined factors --

infectio,' rate of schistosomiazi rn;son; .n nan where, simultaneously,

July no r,.aZ ter7erature ia under 70 .) and totaZ annual rainfall exceeds

60 inche:'; F, coctour-type map drawn from data points of E.

i
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annual rainfall exceeds 60 inches and the July normal te zperature is less

than 70 0 F?" In this cas- he would receive a single map (Rig. 8-5E,F), based

2nl_ cpon those data points which satisfied all the query conditions, This

single map presents a distribution pattern which, when compared with the

three separate maps (Fig. 8-5A,P,C), gives little insight into the over-all

disease/enviropmental situation, nevertheless it describes a particular

situation and does present potentially useful informatiin.

The user cou2d also request graphs (discussed earlier under Output

Analysis) showing either schiS ;omiasis-rainfall-temperature or schisto-

somiasis-rainfall plots. But, again, it seems that relationships among the

disease and environmental factors are most effectijely shown (at least in

the early stages of an investigation) by obtaining and comparing visually

a group of separate maps, each disp)aying the geegraphik distribution of

one simply-stated factor.

A fourth illustration makes use rf som-e paleontological taxonomic

and ecologic data (Ray, 1967) to explore a problem quite remote and far

afield from the basic medical objectives of tne WOD project. One of the

reasons for this was to demonstrate that the MOD ystem is applicable to

many areas other than the study of disease. Data which had actually been

used in a study employing maps was recast into MOD-like output, then

examined, leading to the same conclusions that were drawn by the original

worker.

The first illustration (Fig. 8-6) shows a base map of tae East coast

and four maps, each showing only the geographic distiibution of one environ--

mental factor. (Each map was originally drawn on translucent overlay paper.)

Fcssil walrus tusks of -iceitain age, but po;sibly ac. old as several

milll.'n years., have been found along the East coast from New England to

Fiorida. if al. these tusks are of Pleistocene (Ice Age) age and r:epresent

the living, ,:old-water species of walrus, it would seem that cold climate

8 - 18
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/
7 -1,
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/ I e

I W3 CASC MAP OF OCURRNCE OF
EAST COAS i I .r , dsrg Ple ,to~er. ROUND-STRAIGHT

T;n (10,01 2, OW, 000 FOSSIL WALRUJS TUSKS
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/
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! Shwotln. ding Lot. Miocene A
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+ +
.. .. .... . .. . .- __

Fz re8-6 MOD-type maps, each showing the distribution of one enviLon

mental factor pertinent to study of fossil walruses; see Figure ,-7.
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extended as far south as Florida. However, much other evidence indicates

that Floriaa was only slightly cooler during the Ice Age than at present.

Thus, there is a dilemma.

Close ex&mination of the fossil walrus tusks shows that two morpho-

logically different kinds occur, and that each occurs in a different geo-

graphic region (Fig. 8-6 and -4, -5).

Since the time when walruses became evolutionarily distinct from

seals, the East Coast has been submerged by marine water6 twice: once dur-

ing the Late Miocene (12-17 million years ago), ard again during the Pleisto-

cene (10,000-2,000,000 years ago). Studies of the deposits laid down during

these submergences allow us to map the shorelines of these ancient seas

(Fig. 8-6 and -2, -3).

When these shoreline maps are overlaid with the tusk-occurrence maps,

it is immediately evident that the two kinds of fossil walrus tusks, in

addition to being distinct morphologically and biogeographically, are also

distinct paleoenvironmentally. (Remember that walruses are marine, not

terrestrial animals.) The kind that is identical to the living cold-water

walruc occurs predominantly in regions which were sea during Pleistozene

time (but land during Late Miocene time); the other kind occurs in Legions

which were sea in Late Miocene time (but land during Pleistocene time),as

shown in Fig. 8-7.

Thus, we resolve the apparent dilemma by conclusions, based upon our

maps, thaL the more northern group of tusks are Pleistocene representativts

of the living cold-water walrus species which ranged south only to North

Carolina during the Ice Age, while the more southern tusks represent an

eplier (late Miocene), now-extinct, warmer-water walrus species which

t~zed as far south as Florida.

S - 20
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I4 1,3,4, AND 5 OVERLAID 1, 3, AND 5 OVERLAID
Pleistocene si.oeire or., Pleistocene shoreli-re ansd
occurrence of rorind-straigh, 5 occurrence of round- straight()Iq and rec tongu I r- curved (A) fosilI fossil wa0lrus tusk (ielreitnting

.o~ru: tusks along the Eosr. Coast Hyving coldl-sos,, sPecie!) ,jorq

+ +

J//

1, 2A4 AND 5 OVERLAID / ,,AD4OELI

LaeMce ioeln n Late Miocene shoreline and
occurrence of round-straight I) xcurrence '-f rectangulor-cv'd A)
and rectongvlor-curvvd (&I losii waolru~s tusks (representing earli,
fossil w,,r tusks alontg the East wornser-water speciesl along the East

+ __ _+ +_ __ _ _ T

Figu!re 8-? Overlaid combinations of appropriate ?4)D-type maps from

Figure " 6 to show how such maps could be used in resolving this paleonto-

logical problem (discussed in text). Maps A and B present all the data;

Maps C and D present the data in a manner best suited to solving the problem.
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9 General summary,
conclusions, and recommendations

ABSPCT - It would be difficult

indeed to provide a mew-.ingful short

swmary of the content of each of the

preceeding eight sections, and that

has not been attempted here. This

section presents a geral 8wsw Lry

as a basis for drawing coneZusions

about the MOD effort and making

specific recon endation.

Rene J. Dubos has pointed out (in his forward
to "Attenuated Infection", 1960) that a very
large amount of relevant information is
available in the published literature which
has remained virtually unnoticed because it
has not been integrated in a meaningful
pattern and correlated with the natural
vents of disease.
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9.1 GENERAL SUMMARY

The MOD project represents the first serious effort (to ou- knowledge)

to develop a computerized system for mapping disease, coupled with a com-

prehensive data file of ecologic factors. Our goal was to provide a system

whereby disease and environmental data could be manipulated together in an

appropriate (geographic) location and time context, with direct computer

(/line-printer or /plotter) output in the form of distribution maps, or

block diagrams -- with supplemental narrative reports as required.

The implemented system would have a capacity for producing quickly,

and easily. up-to-the moment maps that show the distribution patterns of

diseases and causally related factors. In addition, the systcm would be

an importali3 research tool for tiuse persons searching for new causal re-

lationships, and/or attempting to predict changes in loration patterns or

incidence of disease. Obviously, an effective research method for linking

contributing and precipitating factors with a given disease would aid in

many ways our understanding of the etiology of disease. If the cause of

the disease were unknown, it would be a means to define the communities

with different incidences, and to analyze the differences between these

communities as to environtental and other fartors. In this way, factors of

high correlation could be found, giving clues as to etiology and pointing

to specific basic research which would be likely to define etiology and/or

disclose methods of control.

In connection with the uses of the MOD system whi-h we have envisioned,

two excerpts from Professor A. Payne's "Statement on Epidemiology", made to

the Executive Board of WHO (20 January 1966) are pertinent:

En the laet analysis it is the e .f an area which
e termines what diseases might become serious problems as

CoUitans ac changed in the process of development, or
sk.otdd any of a variety of agents be introduced. Know-
tU.' of it tnerejore has a predictie valuenc i
on e to fortesee future unziers so that pm 'entive action
ccci be taken in good time.

9- 2
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The second area of research which I would oent-.on,
involves the long-term development of ecological
maps of the worldi, including the distribution of
infectious agents, vectors, reservoirs and
ecological condition'. I would emphasize that
this is a Zonq-tem objective, but one which
would lead to major advances in predictive
epidemiology and coninunicable disease surveillance.

The immediate result of the MOD effort was envisioned as an operational

computer system consisting of two major compc-ents:

* An information storage and retrieval system
specifically designed for disease-environmental
data

* A graphic output system that would manipulate
retrieved data and present them in the form
of maps (principally), block diagrams, graphs,
and narrative reports.

An additional important result was to be the description of methods

and techniques necessary to select, extract, evaluate, and reprocess "raw"

narrative, tabular, and graphic daLa so that they could serve as effective

input to the storage and retrieval system.

Oae of the last items that was to be produced for the MOD system was

a user's manual. This was considered necessary because the MDD system will

provide a unique capability, one with which the potential user will have

had no experience.

Financial support was antclipated for a period of three years; it was

provided for only two years and, as a result, the MOD system was not carried

to the point of implementation. however, the system analysis and design

have both been completed (with the exception of several aspects of system

design that need further elaboration, but require that this be performed

in the context of a partially implemented system). Furthermore, data

characteristics have been extensively analyzed as to sources, limitations

of the data, per se, and problems involved in preparing these data for

9-3
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computer input. A method for structuring data has been designed and t... ted,

and a comprehensive factor catalo.,ue has been produced. In acdit~on, through

our analysis of maps and cartographic techniques, we have gained new insight

into the characteristics of disease-environmental data that allow them to be

mapped, and have developed data extraction forms reflecting LhPse require-

ments.

Work on the MOD project has progressed to the point that feasibility

is no longer a question. We have produced many disease-envircnnental maps

as direct computer/plotter output, proving the vilidit of our hypotheses

and demonstrating the adequacy of our data and our methods of data manipu-

!Liun, we oeiieve Lili- * ,avc developed the MOD system, not to completion,

not to full satisfaction, not to implementation, but with ev-ry expectation

ot success.

9.2 CONCLUSIONS AND RECOMMENDATIONS

The conclusions ad recommendations contained in this section reflect

nearly three years of effort on the MOD project. To state these simply:

(1) The (MOD) system for computerized mapping of disease-environmental data

described herein is feasible; (2) This system would satisfy an important

need for processing data to provide geographically oriented disease-enviion-

mental information; and (3) The MCD system should be implemented, and can

b. t implemented -- given adeouate time, effort, and financial suppo-t.

In particular, data-processing aspects sbould prcgnt no significant

technical proJ!.--Ls now that we have developed an effective method for

structuring the data. Readily available computer science concepts. tech-

niques, and equipment are adequate for this task, and no special difficult4es

are anticipated in producing the necessary programs. However, data-collect-

ing aspects, especially extraction, will require a gr-at effort (see Fig.

9-I, next page), and it is probably this phase, moie than any other, that

will limit use of the system.

-4



4. Data Processing 5. Output Usage
(storage, retrieval,

synthesis, and output) 1. Data Aquisition

3. Data Input

2. Data Extraction

TOTAL MOD EFFORT

Many of the metLlcds, techniques, and procedures that we have described

can be implemented independeunty (to a limited extent), by Imposing suita,le

restrictions or. appropriate parts ot the proposed W4D svstem. Ideally, the

entire system should be implemented. If (funding) priorities do not allow

this, we recommend that the svstem be implemented in part -- to whatever

degree is permitted by available resources.

Inlementaiion will require two or three competenz computer program-

mr,, working full-tim: for about one to one-and-a-half yeacs under the

direction of a computer-Nystem analyst, in turn, supervised by a professional

biomedical staff of two or three persons (who could also contribute to the



data collection/preprocessing effort). At le,:t two or three biomedical

professional, several seml-professional, and several clerical personnel

will be required for the data-coll,.cting-preproes:;ing efforts. Once the

system becomes implemented, the number of data-collecting-preprocessing

personnel required will depend entirely upon user requirements -- more

specifically, the character and extent of the data base file required for

effective response to the queries. A suggested table of staff organization

is shown in Figure 9-2.

Requiremzents of the MOD system nave been specified; feasibility has

been proved; design has been accomplished. Implementation of tize MOD

system would provide a pwerful new tool to biomedical l ence. We conclude

and strongly recommend 'i,-t such a system be implemented as soon as oossible.
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Glossary

This monograph incorporates technical information derived ' ':om several

disciplines, each with its own Jargon. lxi the interests of effective com-

munication, some of these terms which have "special" meaning hcve been

selected for brief explanation here. We realize full well that epidemI-

logic terms do not need to be explained to the epidemiologist, nor carto-

graphi- -rzea to the cartographer -- but the cartographer may find a defi-

nition of certain epidemiologic terms helpful, and vice versa. Then, too,

some of the term listed here .ave varied meanings, even within the primary

discipline, depending up - who uses them and in what context. We have tried

to be precise and consistent in our usage of these terms, adhering to the

meanings given here.

For convenience, the glossary is divided into two parts: Part one

considers data-processing terms; Part two, biomedical terms.

MOD DATA PROCESS TNG TERMS

Block Diag -- A representation of spatial or areal relationships on the
earth's surface that is drawn obiiquely to that surface but which,
otherwise, Is the s=z. as a map. When used to ptesent geologic data,
block diagrams usuall show a horizontal surface area and two vertical
cross-sections, but when used to present disease data, the Lwo vertical
cross-sections, often unnecessary, are often omitted.

CEN -- see Computer Evaluation Number.

C-MOF -- see Common-MDF.

Common-MOF (C-MOF) -- A HOF which should, and usually doea, accompany (as a
necessary descriptive element), or should be common to, every data
point or bit of mappable data. In the MOD system only six C-MOF's are
recognized (see p.
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Computer Evaluation Number (CEN) -- A number calculatez by the MOD computer
system, accordir, to an apprcpriate algorithm, to tikicate thr rela-
tive reliability of each data point that is input to the

Data Point -- A specific geographic locality wheze a particular factor/
aspect/facet of the total dise~se/environmental situation has been
determined/observed/measured, and the result/evaluation/value ex-
pressed in some qualitative/quantitative forms. In manual mapping
procedures a data point is represented by a dot at the locrtion of the
point, with a symbel beside or overprinted on the dot to indicate the
value of the data point. In the MOD system a data point consists of
a geograpThic location (LOC), a data-point value (VAL), a factor
(HOF or POF), and narrative (NAR).

Disease Map -- A map showing some aspect, facet, or factor of the total
disease situation (ecology).

Fctor -- Alphabetic and/or numeric symbols naming/describing exactly
what part/aspect/facet of the total disease/environmental situation
is being evaluated (i.e., given a VAL) at (the LOC of) the specific
data point. Factor is a general term that inclvides LOF's, MOF's,
HOF's, and POF's, and is one of the three essential components of a
data point.

gra -_-Straighticurved lins, points, and wo 's/numbers, all representing
numerical data which exqress the relationship among specific variables.

High-Order Factor (HOFI -- A specific combination of LOF's in wbich each
LOF belongs to (is drawn from) a different MOF; i.e., a specific

combination of LO's to which no MOF contributes more than one LOY
(see p. 4-7).

HOF -- see High-Order- Factor.

Latitude (LA) -- Angular di tznce along earth's surface as weasured north

or south from equator.

LO -- see Longitude.

LOC --- see Location (Geographic).

Location (Geographic) (LOC) - The exact geographi position, stated as
precisely as possible, of the data point. Location is one of the
three essential components of a data point (i.e., each bit of mappable
data).
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LOF -- see Low-Order Factor.

Lon Itude (1.0 -- Angular distance along earth's surface as measured east
or west from Greenwich meridian.

Low-Order Factor (LQF' -- The most specific possible name or description
or a particular disease/envirenmental situation.

.2-- A graphiL;visual presentation, on a geographic-coordinate basis,
of the information imparted by a particular set 6 specific data
puints. A map is a representation of spatial or areal relationships
on the earth's surfa-e, drawn perrendicularly to that surface and
according to a rigornis -rid pattern and scale sc, that there results
no nonsystematic distortion of size, shape, distance, and neighbors.
A map is, essenti 1.1. three-variable graph in which X - LO, Y - LA,
and Z - value of whatever factor is being mapped.

Middle-Order Factor- F) -- The set of all LOF's which describe the s-me
aspect/facet of disease/environmeatal situations. (See p.

0_F-- see Middle-Order Factor.

Multi-LOF MDF -- A MOF which can contain more than one IOF for each data
pciL,.. I.or exampic, the MOF "Spcific Disease Agent", can include
several LOF's: "Letospira pomona, L. canicola, and L. seiroe",all
at one data point.

NAR -- see Narrative.

Narrative (NAR. -- Supporting, nonmappable prose/narrative/textual
information or data assocl d with spccifi c data point.

O-HOF -- see Optional-MOF.

O-tioIa.-*F 0- _MF) -- A MOF which need not fit into evety possiLle
di W/eLEiuviLwUeLIFaI uata point and whicn, in a sense then, is
optional. This category includes all MOF's except Common-MOF's.

POF -- see Poly-Order Factor.

Poly-Order Factor (POF) -- A specific combination of WOF's in which at
least two LOF's belong to (are drawn from) the same MDF; i.e., a
specific combination of LOF's, to which at least one MOF contributes
more than onc LOF. (See p.

Primary D,_i Point -- A data ?oint extracted from text that originally
reported that data, i.e., from ics primary source document.
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Qualitative -- Expressed or denoted by alphabetic symbols or words. When
so expressed, LOF's (and MOF's containing them) and VAL's can be
termed "'qualitative".

Quantitative -- Expressed or denoted by numeric symbols or numerals. When
so expressed, LOF's (and MOF's containing them) and VAL's can be
termed "quantitative".

Report (Hard-Copy Report) -- Printed words and/or numbers arranged in
listings, tables, or narrative-like prose.

Secondary Data Point -- A data poibit extracted trom text, ie., from its
secondary source document referencing a previous report of that data.

Single-,,OF MOF --- A MOF which can contain only one LOF for each data point.
For example, the MOF, "Total Annual Rainfall", can include oaly one
LOF, e.g., "13 inches", at one data point.

System -- Used in two senges in this report, but differentiated by context:
I.. .D1system, consisting of the personnel, procedures,

programs, and equipment (including computer), irnte-
grated to perform mapping of isease/environmer" I data:

2. MOD computer system, consisting only of the val.Jus
programs and equipo-nt mentioned above.

System Analysis -- In-Aestigatlon f an activity or procedure to determine
what that activity/procedure must accomplish, what it has available to
it, and how its necessary operations may best be accomplished (either
manually or b, computer).

System Design -- Planning of a system by specifying the characteristics,
actions, aud relationships among the various parts (personnel, prograws,
and equipment) ot the system.

System Implementation -- Actual construction of a system, including pro-
duction of programs, installation of equipment, hirIng and training

of personnel which -- all together -- comprise the functiL...al system.

System O;eration -- Operation of the system on a regular production basis
in which thc personnel utlliz the system procedures. programs, and
equipment to accomplish the task for which the system was designed
and implemented.

VAL -- see Value (for Data Point),

Value (for Data Point) (VAL) -- An alphabetic and/or nu.er-c symbo! ex-
pressing the precise character/condition of that aspect/factor (of
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the disease/environmental situation) being considered at (the LOC of) the
specific data point. Value is one ot the three es- ntial components of a
data point,

BIOMEDICAL TERMS

Carriers (of disease) are infected persons who harbor an infectious agent
and who are capable of transmitting this ageot. hit who have no obvi-
ous manifestations of the dL -ase.

Contami tion: See infection.

Ecology is the study of relationships between living organisnms and their
habita -- an analysis of tie biodynamics within cotmnuities. The
ecology of disease is the study of relationships dmong hosts, disease
agents, and their environmeats,

Endemic/enzootic diseases are those which are present a given community
(human beings/animals) at all times, but at a low level. Hper-
endemic nyperenzootic diseases are those continuously present at a
high rate in human beings/animals.

Epidemic/epizootic diseases are those intermittently present at a high rate
in a (relatively) small area. They may bt. jiseases new to the com-
munity or diseases that were continually or sporadically present at
low levels, but that are now occurring at a much higher rate than
usual. The suffix. -dlmic. relates to human beings; the suffix

Geographic pathology is, in a sense, a kind of comparative pathology -- one
in which place (rather than species) Is the primary variable. It is
concerned with what diseases occur where, and why. i is also con-
cerned with the reasons why the "same" disease (in terms of causative
agent) may Iehave quite d' Fert tly in different parts of the world.

Host is an animal (or a plant) which harbors an infectious agent. The host
may or may not suffer disease as a resuit.

_yperendemic/hyperenzootic-: See endemic/enzootic.

immunity may be relative or absolute. Absolute immunity protects against
disease; relative immunity attenuates the disease. Immunity is of two
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types: innate iune!!, relatirg to those facturs tnheywnr in the
body that act to resist an infectious agent -- and acquired inmunitx,
a state of in(,rzaeJ Lesistance that is related to the presence of
6pecific (acquired) antibodies against the Infectious agent. The
specific antibodies can ceme about "naturally", i.e., as a conse-
quence of infection, or they can be produced "artificially", as from
vaccination.

Incidence and prevalence are important terms, otten misused. They both re-
late to the tirne during or at which a disease is studied. Events
buch as (clinical) onset of the disease, or birth, or death occur at
a precise point in time, but various disease states, e.g., lepto-
spirosis, or schistosomiasis, or diabetes, exist over varying periods
of ti-e, perhaps years. Incidence describes the number of events
(related to the occurrence, i.e., the onset of a disease) which took
place during a specified time. Prevalence, on tLe other hand, refers
to the number of cases of a particular disease which existed -- at
any stage -- at (or during) a particular time in a given population.
For example: the incidence of leptospirosis in human beings in
country X was determined as 127 cases per 100,000 population for i964.
The figure 127 includes (properly) only those cases that began during

1964. The prevalence of leptospirosis in human beings in country X
was determined as 147 per 100,000 population for the year 1964. (In
this hy'othetical study, much care was taker, not to count the same
diseased person more than once.) This figure, 147, includes those
cases which had their onset befcre 1 January 1964, but which persisted
into the time period under observation, i e., 1 January through
December 31, 1964. From these particular incidence and prevalence
figures, one could infer that leptosprosis was a disease tnat probably
persisted for several weeks, since 27/147 cases observed in one year
had their beginning before that year. The more chronic the disease,
obviously, the greater rhe disparity between incidence and prevalence
figures. "Point prevalence" refers to -'Ii" -IF cases presentI Aurin7 q very shot: ; -ic'd f observatu,. (Short-term field surveys
usually determine point prevalence, i.e., the .jmber of cases -- at
All qtoapm -- present at the time that the particular population was
examined. "Period prkvalence" refers to the number of cases present
during a (longer) specified period of observation.

Infectivu is a disease state resulting from an (infectious) agent -- virus,
bacteria, spirochete, yeast, fungus, or (animal) parasite - living
in the host and producing some sort of defensive reaction by the
host. The infection is not always apparent -- either to the patient
or his doctor. Sometimes, although there are no signs or symptoms,
there is laboratory evidence of the reaction, e.g., the presence of
antibodies specific for the infectious agent. in this latter ia-
stance the infection is said to be silent, or inapparent or (some-
times) "subclinical". Infection is to be sharply distinguished from
contamination, a situation in which infectious agents may be "resting"
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on the exte.rior surfaces of the body or upon articles of clothing,

etc. The term contamination also applies to conditions in which the

infecti'.us agents are contained within soil or water or food.

Infestation is ordinarily applied to ectoparasites and describes a host-

parasite relationship it which the parasite lives on the surface of

the host. In some instances, e.g., scabies, the parasite may tempo-

rarily invade and inhabit the ouperficial tissues vf the host. (It

is also possible fo:: an ectoparasite to live on such "internal" sur-

faces as the intestinal mur.osa, but, again, it must not invade the

tiss~e8 of the host, otherwise the reiationship would be one of in-

fection.)

Morbidity relates to the (non-lethal) manifestations of disease. Morbidity

tates are, in essence, "sick rates".

Mortality, in relation to disease, concerns the lethality of the disease.

A a rule, mortality rate pertatns to the ratio of number of deaths

from a given disease to the total population under study. See "Rates".

Pandcmcipanzootic diseases are those intermittently present at a high rate

over a very large area, e.g., several countries -- or diseases con-

Linuously present but now at a much higher rate than usual. In a

senie, a pandemic is a very widesp-ead epidemic. As before, the

suffix, -demic, relates to i.uman beings, th: suffix, -zootic, relates

to "imals.

Parasite, in its broadest sense, includes all living agents that live in ;r

on a nost, deriving benefit from the host, but not necessarily prLj-

dun disease. These agents include viruses, bacteria, spirochetes,

yeasts and fungi, as well as parasitic agents (in the nfrrow sense).

:n its restricted meaning, the term parasite refers only to ANIMAL

agenLs; viruses, bacteria, spirochetes, and yeaists and fungi are ex-

cluded.

Pathogenicity refer t. the capacity of an infectious ageut to cause disease

in a susceptible host

Patholoy is the study of disease, with particular concern for its causf,

( 2.., the mechanisms of its development ( ,:thOJCW8 t-), and the

nature of its effects, especially those which Are of value in estab-

ltshing specific diagnosis.

Portal of entr~ refers to the route through which the infectious a,'ent enters

the body, e.g., by inhalation, by ingestion, through a traumatic

w und, injected in the course of a mosquito site, etc.

irevalence: See incidence.
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Rdte is au expression of the fren.ie.cy with which a certain event or circum-
stance occurs in relation to time. There are many kinds of rates:
deatn rates ordinarily relate mortality (often from a specific disease)
to the entire population at risk, and are usually expressed as: (deaths
(per year) / population] X 1,000; case fatality rates describe the
mortality from a specific disease as: [number of deaths from the
disease / total number of cases of the disease] X 100.

Reaervoir (of infectiun ib closely -elat-d to source, but differs in an im-
portant respect. It is a place within a host-parasite system where
the population of the infectious agent is maintained, and from which
a vector commonly transmits it to a susceptible host. (It is not
necessary that the infectious agent multiply in a reservoir.)

Source (of infection) is a pla-e, animate or inanimate, where the infectious
agent(s) is generated (i.e., mutipLies), and from where iz '-.y be
introduced into a new area.

Sporadic cases of disease are those intermittently present, at a low rate.

Vector is an object, either animate or inanimate, that transports an infec-
tious agent to its host. Vectors may be mechanical or biologic.
Biologic vectors may also make an essential contribution to the growth
and/or development of the parasite, e.g., the mosquito in malaria.
(When they make this essentlal contribution they are called inter-
mediate hosts.)

Virulence is a term somewhat comparab;le to pathogenicity but it pertains to
the ability of the organism to produce severe illness. A highly viru-
lnt agent is one which is likely to produce a very serious infection.

Zoonose-. are diseases of animals that may be transmitted to man.

But o'er an).ious thougl.t you'll find of no avail,
7or there precisely w',ere ideas fail,
.\ word comes op,-nrt'_nity into rLay
Most admirable weapons words are found,
0e words a system we securely ground,
In words we can conveniently believe,
No- of a single Jot co'i we a word bereave."

Johann Wolfgang von Goethe
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Data sources

Section IV has consideied data characteristics, and Section V data

collection, and we shall not repeat h:re the things that were discussed

there. This brief consideration of data sources -- wnere to find them and

how to get them -- focuses on health/disease data. It makes no attempt to

be exhaustive; the particular sources cited are meant to serve simply as

--imples.

BOOKS are enormously valuable data sources, but often of mc.:e historic

than current use, and this applies to even the most recent publications

(reflecting the time lag between gathering the data, converting it to

manuscript, and getting the manuscript published). Nevertheless, books

such as Studies in Disease Ecology, elited by Jacques M. May, Hafner, New

York, 1961, and Tropical Health -- A Report on a Study of Needs and Resources,

Publication 996 of the National Academy of Sciences - National Research

Council, Washingtoi, 1962, can be extremely useful.

The vast numbers of PUBLISHED ARTICLEi listea in the Cumulative Index

Medicus are relatively accessible, but, far too often, the title of the

paper does not reflect some of the crucially important data that it contains.

The "demand search" function of the MEDLARS (Medical Literature Analyse,; and

Retrieval System -- National Medic'il Library, Washington) helps to overcome

this difficulty, ut to only a limited extent. In a recent report (Jan.

1968), Evaluatic . of the MEDLARS Demands Search Service, it was stated that:

... the syscem is opera-ing, on the average, at about 58% recall and 50%

precision". Furthermore, MEDLARS is primarily concerned with key words, not

content, per se.
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Another approach to tbi-: data source selection problem is effectively

usp- by such abstracting services as Chemical Abstracts and Biological

Abstracts (BloSciences Infolmation Service), and it is possible to arrange

for special ser-ices with such organizations as these. Under these con-

ditions, the user can get a good idea of the article's content, and selec-

tivity becomes progressively more precise -- depend!ng upon how much one

wishes to pay for this precision.

There is a tremendous amount of important data, the sources of which

are not included in Cumulative Index Medicus, i.e., non-indexed data

sources, and it is a major problem 3>st being aware that some of these re-

ports exist. The remainder of this general discussion of data sources will

concern this category of information.

There are three principal approaches to the non-indexed data material.

One can look for these data by: (1) geographic area, or (2) disease or

environmental factors, per se, or (3) a primary data source, e.g., a spe-

cific research institute, a specific hospital, a specific individual, etc.

Any effort to build a data base, in depth, should use all three of these

approaches, albeit they may overlap to considerable extent.

AB to GEOGRAPHIC AREA, the local government is an important first

source. IL many of the so-called developing countries, the principal

source of "official" data for the country will be the Ministry of Health,

and there may be a series of annual reports that provide valua"le current

information as well as data that allows important historic perspective.

In "developed" countries, such as the United States, there are many iiany

governmental sources of data pertaining to disease-environmental situatlons

of that country; the Bureau of Census, the ional Institutes (f Health,

the Communicable Disease Center, the United States Army, to name but a few.

The various State Health Departments have additional, more detailed informa-

tion and, finally, there may be still :IAore precise data available from

specific County Health units.
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lalportdnt non-governmental sources of (local) data are also numerous:

Universities, Research Insticutes, Organizations such as the American

Medical Association, the American Cancer Society, the New York State Life

Insurance Company, tt:c. etc.

Turning to sources of data which are international in scope, WHO,

PAHO, kAO, are very important pzimar-y sources for most of the world.

'cv.erage Ldy be very broad (geographically), or quite restricted, e.g..

WHiO's report. Studies on Immunoglobulins of Nigerians, 1966. Often the

reports concentrate on a particular disease or condition, e.g., WHO's

Malaria Yearbooks and PAHO's Immunologic Aspects of Parasitic Infection,

1967. In addition to the official international organizations, those

individual 6avernmenEs that have had a long interest in international

affdirs are rich sources of infcmation dealing with other countries. In

the United States, for example, much information is available from the

National Institutes of Health, the Department of State (especially AID,

and the Bureau of Intelligence and Research), the Communicable Disease

Center, and the Department of Defense (consider this report, for example).

Periodic reports from DOiD, or Army, or Navy, or Air Force units -- and other

Governmental agencies -,aluable data sources and we list. below illustra-

tive examples of these:

406th Medical Laboratory Professional Report (annual),
United States Army Medical Command, Japan.

Ainual Progress Report, SEATO Medical Research Laboratory
Clinical Research Center, Bangkok, Thailand.

Annual Work Unit Progress Report from the various
Naval Medical Research Units (NAMRU's), e.g., Serologic,
Epidemiologi9c, and Vaccine Studies on Menirococcal
Meningitis (report of a study carried out in Egypt and
Morroco).

Annual Research Projec- Report, Armed Forces Institute
of Patholojy (AFIP), Washington.

Annual Reports ji the U.S.Army Medical Research Unit's
Institute for Medical Research at Kuala Lampur, Malaysia.
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Annual Progress Reports, U.S.Army Research Institute

.of Enviroynnental Medicine, Na tick, Mass. (of the L'.S.
Army Medical Research and Development Comm~anid).

National Cowr-inicable Disease Center's Morbidity and
Mortality Reports and (sporadic) Surveillance Reports.

Forest Service Research. Papers, e.g., Weather ir tie

Lugui1lo 'Yountains of Puerto Rico (250 pages), by
C.B.Bresco -- The Institute of Tropical Forpstry,
Forest Service, U.S.Department of Agricicur

SPECIFIC PP.IMARY DATA SOURCES can be very val-.ablp, for example thne

Rockefeller Institute, Johns Horkins tUtiversity (the Geographic Epidlemi-

ology Unit of the School of Hygiene and Public Heplth), th.e institute o

nublic Healich of Iran, the Liverpool. Schc,.-ol tf TrnpicJ MediLcine, the

Walter Reed Army Inatitute of Research, the Technical Assistance Tiorma-

dion Clearing H4ouse, American Council Icf VoluntLary Agencies (44* E. 23rd

Stree, New York, N. Y. 10010), etc. Several illustrations of data a.,.ail-

able from these sources follow:

Ann-jal Report on. the Re ,aarch Activities of the Liberian
Insritute of the American Foundation for Tropi.cal Medicine.

ulan, Universit (Nw rleansL/Universidad Del 17alle
11, ~Ciomb ia) pericwiic Progress Reports -- an ICMRT (NIH)

supported program.

Rplat'.on of G;iwolojq and :Trace !,Iementeo to Nutrit-Ion (based
on papers presented at a Symposium held at the Annual
Meeting -.f the ge~jical 'ocl Am erica, New York,
1963)'1, edited by H.L.Cannon and D.F.Davidsou.

Proceedings oF the 7th InternationaI Congres s of Trcpi;cal
Medicine and Malaria (four volumes)Rod Janeiro,
Sept. 1-11, 1963

The r"iysjcal~ E~ntironmentE and Agricultzure of rhai land, by
M.Y.Nattonson, a publication of the American fIstitute of

Cro~Eo1~,Washington, 1963.

Then there are collections of more genir-l data, sonme of which are

reissued periodically, bringing the information up-to-date. For example:
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Health Data Publications, pertaining to individual
countries (some 44 have been released), prepared by
the Department of Health Data, DIvision of Preventive
Medicine, The Walter Reed Army Institute of Research.

Special Warfare Area Handbooks for various countries,
prepared by Foreign Areas Studies Division, Special
Operations Research Office of the American University,
Washington (operating under contract with the Depart-
ment of the Army).

_.S.Arny Area Handbooks for various countries
(Depari:ment of the Army pamphlets).

i£__e 'orla tood Problem, a two volume report of the
President's Science Advisory Committee, 1967.

These many valuable reports, are not "lost" even though they are not

indexed in the Quarterly Cumulative Index. There is a variety of other

indices available -- if one knows here to find them. For example.

U.S.Government Research and Development Reports, a semi-
monthly abstract journal produced by the Clearing House
for Federal and Technical Information of the U.S.Depart-
ment of Commerce.

Air Force Scientific Research Bibliograh (abstracts of
all USAF Office of Scientific Research Supported Research
Projects).

ILSE -- Interagency Life Sciences Supporting Research and
Technology Exchane, prepared by Documentation, Inc.,
(abstracts NASA and DOD Research Work-Units in Life
Sciences).

Pesticides Documentation Bulletin, National Agriculture
Library, U.S.Department of Agriculture.

But there are many potentially valuable publications that escape the usual

indexing mechanisms, and these may be of crucial value in connection with

certain geographic areas. For example:

The South African Institute for Medical Research --
Annual Reports

ConiJu c Ao Estudo da Patologia Das Arborvirus 8
by Domingos De Paola (91 pages), Rio de Janeiro, 1964.
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Appendix

(A thesLi presented in partial fulfillment of
requirements to attain Professorial status
(docencia-livre), privately published and
distributed by the author. Particularly in Latin
Americza, um. n (medical) doctoral and professorial

theses . such as this one -- represent hidden
sources of very valuable local disease-environmental
data.

Many SPECIFIC INDIVIDUALS could be mentioned .' e store of informa-

tion and, often, evt.fi more important, their knowledge of where to find

particular inforration, could be given. As an example, it seems appro-

prlate to mention the single individual who has been most helpful to this

project in providing .inormation about leptospirosis: Dr. Aaron D.

Alexander (Walter Reed Azmy Institute of Research). In accumulating in-

formation in depth -- and in valuating the depth of information coverage

one has achieved -- there is no substitute for wise, skillful, informed

conEdItants who, as a rule, not only help to identify defects in the data

base, but give sound advice as to how they can be corrected.

Lan& u can be an important barrier, parciLilarly when the data

is reported in a lcnguage with which few are familiar, and there is no

questic. but that many vaiuable data are lost to general use becouoe of

this. Englis' translatiens are available for some of the larger more

important report8, for example: Natural Foci of Transmissible Diseases

as Related to Territorial Epidemiology of Zooanthroponoses -- USSR, a

254 page English translatiun prepared under contract for the Joint rLubli-

catioS Research Service, clearing house for Federal Scientific and Tech-

nicdl Information, U.S.Department of Commerce. But such "free" transla-

tions service only (rartialLy) covers a rather highly selective subject

area.

The leptospirosis source documents used in this study were located

by a combination of gent;al, comprehensive surveillanL.- of epidemiologic
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literature and personal contacts with leptospiral workers. In addition

to searching standard bibliographies and abstract journals for thes,

documents, LTC Watson's group obtained machine-computer-produced biblio-

graphic lists from such agcicies as the National Library of Medicine, the

Defense Documentation Center, the Army Research Office, and the Military

Entomological Information Service. The World Health Organization and the

Pan American Health Organization were also used extensively as data

sources.

. 6 6 0 6 0

PUBLISHED MAPS

In ordinary usage, MOD generated mapped disease and envircar.ental data
would be directly related to (overlaid on) ba.2 map3 showing topographic
features, geologic characteristics, land usage, population density, etc.,
etc. For this reason such maps represent a very important part of MOD data
even though the data contained therein will not (as a rule) be subjected to
computer processing.

As a part of our data collection study we have carried out a pilot in-

vestlgation to determine availability and source of (potential)base maps --

and their usefulness. This study was undertaken th the help of Dr. R.
Warwick Armstrong, Asbistant Professor of Geography, the University of Ill.
Dr. Armstrong has been a valuable consultant medical geographer on the MOD
project since its inception, and it was through his cooperation that Mr
Gary G. Gullett, graduate student of the DepaL.ment of Geography, w ., em-
ployed part time to evaluate source material in the form of published maps,
floristic atlases, etc., which might serve as base maps or otherwise con-
tribute in a"- important way to the data base of MOD system

Mr. Gullett made this survey under the guidaIce of Dr. Armstrong, uti-
lizing the extensive libraries of the University of Illinois, at Urbana

libraries,which include one of the largest collections of "'artographc/geo-
graphic data in the United States. Mr. Gullett's final report, which fol-
lows, is presented in its entirety.

In addition (following Mr. Gullett's report) there is listed the major

primary so.trces of maps which were found to be most useful to the MOP project.
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Api-endix

1. Purkse The purpose uf Lhis repurt is to indicate the location, qual-
ity, and quantity of specific maps in the various libra:ies of the Univer-
sity of Illinois, Urbana, Illinois, which would serve .s a data source for
the MOD project.

2. Scope The scope of this study includes the searching, assessment, and
transmittal of cartographical material concerned with the following catego-
ries:

(I) climate

(2) vegetation patterns and associations

(3) ecological studies

(4) soil distributions and associations

(5) entomology

(6) zoology

(7) iorestry and forest associations

(8) land use and land use patterns

(9) hydrology

(10) general topography

The searching for, and assessment, and transmittal of the above caLe-
gories was pursued with reference only to the following geographical areas,
and at scales ranging from 1:25,000 to 1:10,000,000:

(I) World (entire)

(2) World (major section, continent, ocean)

(3) Southeast Asia

(4) Thailand

(5) Burma

(6) French Indo-CMina .... 'ont inued
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(7) Philippines

(8) Malaya

(9) The Midwest of the U.S.

(10) Illinois (entire)

(11) Southern Illinois (Quadri-County area)

3. Method of Coilecti.g Data Information was obtained exclusively by
personal investigation oTf the cartographical holding, of the several depart-
mental libraries at the University of Ill 4 nois. Every appropriate map was
checked out of the libraries and tthe necessary information transcribed onto
data-collection forms and, where appropriate, the legends reproduced by
xerox. Where there were a series of maps, such as the 1:1,000,000 coverage
of the world, only one map in the series was selected, and its representa-
tive legenu and innerent information transcribed. In addition, a notation
was made, marking the number of maps in that series, their extent of cov-
erage, and their call numbers. All necessacy information was transmitted
to the MOD project headquarters in Wa,'bOngton, D.C. on data-collection
- rms, and the xeroxed legend attached. A copy of the data-collection form
is attached to this report.

4. Results The Nap and Geography Library was by far the greatest source
of maps for this project. Over 140 different maps were obtained from this
library, and many of these 140 "maps' comprised a series of sheets. The
total number of applicabe sheets was approximately 1,400. The quality
of these maps is high and they ..e relatively up-to-date. 1hey deal, in
one way or another, with al the previously mentioned categories and cover
most of the regions listed. Those maps which have a large series of sheets
associated with them are designated below by their call numbers, as found

im the Nip and Geograiphy Library. The number of associated sheets I: also
~given.

Call Number Number of

sheets

Southe.ast As ia G8000s 124
250

.U5

.... continued
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Call Number Number of

sheets

Philippines 
08060s 60

G8060s 8
.C5
1963

.P4

G8062 39
50
XU51

G8062s 116
*C45
25

XU5

G8062s 2 18U
.L8
50

G8062 175

25
.U:5

French Indo-c-hina G8010 5  83
50

.15

G8000 2?36
100

Cu80lOsS
100X
.G7

* . .con titied
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Call Number Number of

sheets

G8OlOs 24
4 0C

.15

Ma laya G8030s 68
63
.G7

G8013 12
.V5
500
.U5

Burma G7720s 45
250
.US

G7720 63
253
,G7

The second most important source of maps was in the Map Library of the
De--art; ,nt of Geography located in Davenport Hall. This library (main-
tained tnd managed by a graduate student) yfelded 68 maps. °Thiese maps are
both regional and topical in nature. They are all single sheet -aps; no
series of sheets are assoc'ated with any of them. Unlike the Iie quElitv
and physical condition of -he maps in the Map and Geography library col-
lection, a number of these -naps are quite old, show crude ca- :ographical
techniques, and, in some instances, are rather worn. All of these Maps
are wall maps, i.e., they have a wooden frame at the top and bettom, and
the majority are large (the smallest ones being 30" x 40"). 7>.actically
every topical map covered the whole world; 26 :aps dealt with : pecific
regions. Southeast Asia waq well represented in this collectV ,n.

The numbe: of appropriate maps possessed -y the faculty _ the, Deport-
ment of Geography at the University was minimal. Professor R. W. Armstrong
was the only iaculty member with applicable maes, and the numbler of differ-
ent sources was less than ten. The maps dealt with climate and vegetation
on a world-wide scale; there were no regional maps available.
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Spari o)f a ,rmnaber oi other departmntal libraries did not produce a
argr i qi tit' o: suit ble maps tor this project. A list of the searched

it in .1udes Agriculture, 3iology, Cemistry, Geology, Veterinwy
ri, State ?Na'.ural History, State Water Survey, and The State Geo-

logic Survey. A search at the Agronoroy Department office in Turner Hall
yie'Idkd ' zunber of hi,,h-quallty s oil asscciation maps of the Quadri-Cou~ity

r. was disc:.e~ed that a number of these departments have large quan-
' - f textut.. materiaL and literature available that would be helpful in
, ;'.rject, but, stat,,, there were relatively few ,pplicabl-, maps.

5. Conclusion All applicahl maps of the size and quality needed for
: et have been scu-ht o,;t, thei: information recorded, xeroxed, 3nd

sent : h.. MO pc ect lh-Ii , ters in Washirgton, D. I. All sources -.f
mvp :v,, been chccked, ,r u.' g different national atlases. The only pos-
sible remainin_ source of cart graphical material would be maps contained in
monoqraphs, buL thy are of quest-onable value for the project. Most of
these maps would he not larger th' n prge size, and the amount of detail and
degree of coverage wo.ild, of ,.:,urn:e, be limited.

Most of the mips (especia!:'v those with a number of associated sheets)
,n the Map and Geography Librarv -ould be well-suited for detailed plotting
of those maps found -:eovraphy Lrary of Davenport Hall would
be we l-suited for p ottin ,, data.

continued next page



ENVI RONI4ENTAIL- FACTOR MAP I NFORMATIO.N FORM (mark all
applicable

boxes)

1. Scope of map: World (entire) S.E. Asia (entire) Mid-western
World (major Thailand 'ilinois (entire)

section; conti- Malaya southern Illinois

nent, ocean) Other (including Quadri-Co.

specify:____ (specify:_ area).

2. EXACT title of mar- ______________________________

(i.e., name of environmental factor mapped)

3. Break-down of values of environmental factor mapped-
XEROX LEGEND OF MAP AND STAPLE 71TilS SRiEET.

4+. Method of representing data on map:

dot-type symbols T-hading/patterns (i'ack-white)
alphabetic/numeric symbols shading/patterns (color s)

contour-type lines ot ~r (specif)________________

5. Projection used:

equirectangular (plane-chart)

Miller cylindrical
Mel.cator

hcinnol os fe
Other (specify:___________________________

also note whether:
longitude meridians are straight or curved lines
latitude paralels are straight or curved lines

proje~tion is interrupted, interrupted and condensed,
c ondensed, or non-interrupted and non-condensed

b, Scale of map: 1/ _ _________ ___

Dimnensions of m~ap: cm. cm.
(cross out non-applic-ble units) (width)__ in. X (height)_ i n.

8. Da4te of -publica~tion -o-fmap: ___ ______

9). Date(s) of datp. v- d _____ _______

(earliest) 'latest)

10. Daita Lompiled by (if different from item 11): ____ ________

A - 212
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Ii. Bibliographic reference for map: hoo' uther, date, title of bc.ok,

Publisher and city, page: journal--author, date, title of article,

Name of jou-iial, volume; (number), page.

12. Call number of source containing map:

13. Call number of ap (if different from item 12):

14. Physical location of m.p (or source containing map):

Univ. of Ijlinois mai, library

Univ, of Illinois map libraiy

Faculty member's personal library

(specify whose: -_

AFIP Ash Library

AFIP Geographic Path. - Geographic Zoon. library

Staff member's personal librar>.

(specify whose:_

Other location (specify):_

1 . Additional remarks (use reverse side if necessary):

16. This form was completed on:

(Date) (Name) __
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The major primary sources of maps which were found

to be most useful iL-o the 40D project are as follows

arranged in alphabetical. or%.ier).

Aeronautical Chart and Iriformation ;',enter (U.S.A.F.)

A.--rican Geographical Seciety

Coast &-~d %Geodetic Service (Dept. of oec)

Eartli Science Division of tche U.S. Army Natick Laboratories
(Various atlases dealing wiU ' climate, inset~c zectors, etc.)

F.A.O. (especially ir. relation to crop ecology)

(eoogca~.Surey (Dept., of Interior)

National Geographic Soiiety

U. S. Army Map Servi,'ce, Corps of Engineers

U.S. Navy ilydrographic

U.S. Naval Oceaniographic Office
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Append x

Shistosomiasis - general considerations

Schistosomiasis represents a Aroup of diseases caused by any one of

three blood flukes (§. mansoni -- the one with which we have been primarily

concerned in our mapping program -- S. haematobiun, and S. J.onicum) , Each

of these specific organisms has its own (geographic) distribution pattern,

although they overlap.

As is shown in Figure A-2 (taken from Pathology of Tropical Diseases,

by Ash and Spitz), these organisms have a rather complex life cycle, and

each requires an intermediate host -- a particular species of snail -- in

order ti fulfill a vital stage of their development. The infected human

being releases (excretev) eggs either ' his feces or urine. If these

eggs are discharged into fresh water, they hatch as free-swimming organisms

(Wiricidia). Inhen, if they are able to reach the appropriate species of

snail within a short time, they infect the snail (oroducing disease) and

develop into a larval stage. At this stage they break out of the snail to

become a free-swimming form once again 4cercariae). If man is exposed to

infested water for only a moment or two, the organimn can actively force

entry through. his skin and intD cutaneous blood capillaries or venules.

Once in the blood stream they are carried to their parti.:ular (organ) site

of preference for further development. S. manscni and S. Janonicum prefer

the veins which supply the colon -- and the colon and rectum are primarily

involved; S. haematobium conceatrates in the blood vessels of the uinary

bladder -- and the bladder is the primary site of disease. Once the larval

organisms reach their maturity, they begin to lay eggs, and It is these

eggs which incite a marked chronic inflammatory reaction. Major areas of

damage (depending upon the type of organism) are the colon, the liver, the

urinary bladder (and, secondarily, the kidneys).

In most instances (most patients do not receive adequate treatment),

the disease is a very very chronic one, lasting for many years. It is apt
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MAPPING OF DISEASE

to become continually worse because continual re-exposure and re-infection

("super-infection") adds continually to the number of infecting parasites.

Schistosomiasis is a very important cause of death, especially among

fnfantR. It is an even greater cause of morbidity, and it depletes the

energy of millions c. people in the world, with very profound socio-

economic consequences.. Because the life cycle of these organisms are

dependent upon an intetmediate host which, in turn, requires a suitable

kind of fresh water, etc., etc.) this is cae of the diseafes which can

easily be introduced into a new area -- or eliminated from an old area --

by changing the ecology.
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scW STOSo0i4
BLOOD FLUKES

"IN

passed in feces

oceaspaosed

*SWIMMER'S ITCHO

I N

\~ MIRACIDIA
produce primary

~ SPOROGYSTS
Builnus or
Physopsis

Oncomelania

da hOV*.Pjlnorbi CERCARIAE
or scondary Produced within

SPOROCYSTS SPOROCYSTS

LIE 'qil S'nitA, I %C

PFrcvra Pathology of 'Topical Dip aaea by Ash, J.E. and Spitz, s.
Scamiers Co., Philtielphia, 194v; AFIP zeg, #66-184L.
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Leptospirosis - general considerations

Leptospirosis (known by many other names, including WeiZ's disease)

is an important acute infectious disease of man and animals (i.e., a
zoonoses) that is worldwide in its distribution. The disease was first

recognized in human beings in 1886. It varys greatly in its manifestations

(as shown in the adjacent figure). The severe disease, in man, affects

many organ systems, particularly the liver and the kidneys. Occasionally

the disease is fatal (in man), causing death within nine to twelve days

as a rule. - SUBCLINICAL DISEASE

no overt manifestations

I (but laboratory evidence of disease,

N e.g., positive serologic tests)

F - SLIGHT CLINICAL DISEASE

E non-opecific manifestations

C (e.g., FUO -- fevr of undeteirinedor-igin)

T

1 -0 MODERATE CLINICAL DISEASE

0with or without characteristic signs

and symptoms
N

-0- SEVERE CLINICAL DISEASE

possibly fatal

The causative organism belongs to the gcitus Leptospira of the family

Treponemataceae. Although there is only one species pathogenic for man

(L. interrogans), there arc many many "serotypes", virtually identical in

form, but differentiated on the basip of their antigenic characteristics.

Since each of the various serotypes has its own peculiar ecologic character-

istics, it is important (epidemiologically) to determine the specific sero-

type responsible for a given infection.

The leptospiral organism is usually transmitteu to man by food or drink

that has been contaminated by the urine and/or excreta of rats or other
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Append ix

rodents, or from immersion in water which has Leen contaminated by some

animal reservoir. Workers in sewers, irrigation ditches, rice fields, docks,

and abattoirs, are at high risk.

Clinically, (in the severe case), the onset is sudden with high fever,

headache, and generalized body pains. Depending upot. the severity, renal

and hepatic involvement may lead to uremia and iaundice. Ordinarily, the

disease runs a course of three to four weeks in human beings, with a mor-

tality rate of about 5% (of the rlinically recognized cases).

Leptospirosis was chos;-!n as the principal disease to study by the

MOD project team because there are many known animal reservoirs (see

Figure A-l), the amount and natur.' of surface water is an important eco-

logic factor in maintaining sources of infection, and persons of certain

vocations are at high risk, etc. etc. Furthermore, there is still a great

deal to be learned about leptospirosis. Two of the (13) recommendations

for research in a recent (1967) Repc't of a WHO Eiert Group were as

follows:

" Further studies of t, ecology of rescrvoir hoste
are necessary, partacularly in regiono where
envirounmental conditions are rendered unstable by
human activity.

" Results of ecologicai studies should be aplied to
the forecasting of a cZes of infection and to
systematic erveT ftance proocrines on which
prevertion of outbreaks in manv could be based.
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Individual sections of the repor' deal with output analysis and output usage.j
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